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tiveness of rifle and machinegu; squads armed with US 7.62mm, Soviet

7.62mm, Colt §.56mm and Stoner 5.56mm weapons. This report describes

the experiment, the effectiveness measures used, the results, and the
conclusions. Results are concerned with training, materiel reliability,
and the fire effectiveness of squads armed with the different weapons and
firing both simplex and duplex ball ammunition. Measures of effectiveness
were the level of target effects and the ability of the weapons to sustain
the effects. Data includes the number of targets hit, total number of hits
on targets, number of near misses as an indication of suppressive effects,
and the amount of ammunition expended--all as a function of time. Squad
size, organization, and weapon system weight were held constant.

Squads armed with low impulse 5. 56mm weapons were superior to
squads armed with 7. 62mm weapons in target effects, sustainability of
effects, and overall effectiveness. Duplex ball ammunition was generally
superjor to simplex ball ammunition at close ranges. Data are related to
lethality indices in a separate classified annex. Considerations of lethality

support experimentation resuits indicating the superiority of 5. 56mm

weapons. \\
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SECTION I
INTRODUCTION

This report describes USACDCEC SAWS (small arms weapon systems)
field experimentation completed 21 February 1966. A previous USACDCEC

SAWS report, dated 31 January 1966, included only the experimentation
completed by 24 December 1965,

This report supersedes the 31 January report, updating it with the
field experimentation and associated analyses conducted after 24 Decem~
ber. All conclusions of the previous report remain valid, but they have
been supplemented. Additional input data refinements and & more precise:
treatment of computer produced data have resulted in some changes in the
numerical data presented for some of the experimental situations., These
data refinements accentuate and clarify differences in weapon mixes pre~
sented in the 31 January report but result in no significant changes in
either the performance measures or the rank order of weapous,

The report consists of nine sections, This first section identifies the
purpose, scope, objectives, phasing and location, concept and general con-
duct of the experiment. Section II details the experimentation design, includ-
ing a description of the experimentation ranges and the effectiveness cri-
teria used. Section ITI explains the method of data pr:sentation and analysis.
Sections IV, V, and VI present the results of the experiment as related to
training, materiel reliability, and fire effectiveness, and Section VII pre-
sents the results of an experiment comparing simplex ball and duplex ball
ammunition. Section VIII consists of a brief note on the implications of
existing lethality data to the SAWS findings, referring the reader to a
separate classified annex for the primary lethality analysis. Major USA-
CDCEC conclusions of the SAWS experiment and analysis are presented in
Section IX. Reference data are contained in Annexes A through C. A sep-
arate volume is planned to provide detailed engineering design information
and specifications of the instrumentation used in the SAWS experiment.

A. PURPOSE

The purpose of the SAWS field experiment was to assist in the evalu-
ation of designated candidate small arms weapon systems as part of the
Army-wide SAWS program.

B. SCOPE

The following specific experimentation tasks were assigned by
USACDC directives:

1-1

FOR OFFICIAL USE ONLY

R S TP W Wk e N ML L KT e X ape WS W

UM S e a BT T B e v e T T

o i e e R R T T A

-




e g

1. Determination of the relative fire effectiveness of dismounted
squads armed with various mixes of rifles, automatic rifles, and machine-
guns, including Soviet-type weapons,

3. Determination of the relative fire effectiveness of squads armed
with standard US 7.62mm weapons firing duplex ball ammunition, com-
pared with squads firing ball amm’unition..

3. Provision of certain data, such as firing scores, that might pro-
vide some insight into the relative ease or quality of training afforded by
the different weapon systems, as a byproduct of the preparatory training
phase of the experiment,

C. OBJECTIVES
The outline plan approved by USACDC assigned eight main objectives:

1. As a byproduct of experimental design, development of a quanti-
tative effectiveness criterion by which rifle and machinegun squads armed
with candidate weapon systems, can be compared under tactical conditions.

2. Provision of hard data for determining the combat effectiveness
of candidate weapons within an organizational and tactical context.

3. Provision of data to assist in determining the increases or de-
creases, if any, in manpower implied by the candidate weapon systems
for use in cost effectiveness analysis,

4. Provision of comparative data on the tactical ammunition con-
sumption rates of candidate weapons, relative to target effects achieved,
as one input into cost effectiveness studies of increases or decreases in
ammunition requirements implied by the various weapons.

5. As a byproduct of the preparatory training pliase of the experi-
ment, provision of data on the relative training effectiveness of the candi-
date weapons.

6. Identification of weapon characteristics that produced superior
fire effectiveness within an experimental organizational and tactical con-
text, .

7. Provision of data resulting from the field experimentation for
use in computer simulation.

8. Contribution to such Infantry Rifle Unit Study (IRUS) answers as

the SAWS project can practically afford without prejudice to the constraints
of time, resources, and SAWS objectives,

1-2
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D. PHASING AND LOCATION

The experiment was accomplished at Fort Ord in four phases,

Phasel -~ Preparation (23 February 1965-30 September 1965)

Phase I -- Training (24 August 1965-21 October 1965)

Phase III -- Field Experimentation (22 October 1965-21 Feb-

ruary 1966)
First Increment (22 October 1965-24 December 1965)

Second Increment (3 January 1966-21 February 1966)

Phase IV -- Analysis and Reporting (18 December 1965-10 May

1966)

E. CONCEPT

The experiment w:s conducted to determine the relative fire effec-
tiveness of rifle squads and machinegun squads armed with candidate
weapons in the context of rifle platoons and companies in various tactical
situations, Squad weapon system weight and the size and control structure
of the squad were held constant. Squads were armed with the candidate
weapon systems and Soviet-type weapons. The squads were then employed
in the same representative tactical situations on instrumented ranges using
selected firing techniques.

The experiment was unique because it integrated the following related
aspects of the experimental design:

1)

2

3)

Evolution and application of a meaningful measure of
combat fire effectiveness of infantry squads

Procurement and installation of instrumentation to
sense and record events that supported the measure of
fire effectiveness as a function of time and target
arrays that realistically simulate an enemy in

tactical situations

Assignment of enough soldiers (975) as experimenta-
tion subjects to allow the assignment of six independent
squads to each weapon mix, permitting a balancing of
runs to reduce the effects of differences in individuals
and extraneous variables in the environment,

1-3
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F. CONDUCT OF EXPERIMENT

The experiment was designed to provide immediate answers for the
SAWS evaluation while concurrently making a long term contribution to
knowledge of the effectiveness of infantry small arms in a tactical and
organizational context in support of IRUS,

USACDCEC used 975 experimentation subjects in the experiment, with
the subjects organized into infantry squads armed with candidate wxapon
mixes. The squad weapon mixes were evaluated in nine meaningful tacti-

cal situations on three instrumented ranges. A total of 1007 record runs
were conducted,

The field experiment was conducted in a platoon framework employing
nine-man rifle squads and seven-man machinegun squads. The instrumented
ranges provided target arrays consisting of targets that simulated the im-
portant aiming cues associated with personnel targets. The design of the
instrumentation permitted collection of target hits, near misses, and rounds
fired as a function of time, all of which can be related to various combat
firing distances, The sensing and recording of data was largely automated.
The large number of record runs and the depth of data established a data
base that has been only partially analyzed for this report.

Foi'mal weapon training was conducted to ensure that all personnel

were equally qualified, to the extent possible, to participate as experimen-
tation subjects.

Explora.tory firing was conducted to obtain data for assessing best
firing techniques, to identify operational policies, to validate safety and
control procedures, and to evolve the most meaningful tactical situations.

The first increment of field experimentation, conducted from 22 Octo-
ber 1965 to 24 December 1965, addressed the objectives assigned and pro-
vided the data base for the initial findings and main conclusions of the 31
January 1966 report. The first increment also identified the need for
additional high priority experimentation. This follow-on experimentation,
from 3 January to 21 February 1966, completed the initially planned and
follow~on experiments, Completion of this additional field experimenta-
tion has allowed the initial findings to be refined and expanded.
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SECTION 1I
EXPERIMENTAL DESIGN

Part A describes the general characteristics of the experiment.
Part B describes the weapons used in the experiment and the manner in
which they were organized into mixes of weapon types in a squad context.
Part C provides a broad gereral description of the instrumentation and
equipment used in the experiment. (A detailed description of instrumenta-
tion appears in Annex B.) Part D discusses the organization, control,
and training of personnel. (The training programs and implications of
training for the various weapons are more fully discussed in Section IV.)
Part E details experimentation procedures, iacluding operational policies
and administrative procedures. The control and balance of experimental
variables is discussed in this section. Part F details each of the experi-
mental tactical situations used to evaluate the performance of the various
weapon mixes. The SAWS combat effectiveness criteria are outlined in
Part G, and their value in the SAWS analysis is discussed here.

A. GENERAL CHARACTERISTICS OF THE DESIGN

.The USACDCEC field,\experiment was designed to measure the fire
effectiveness of three US and one foreign weapon families in a small unit
organizational context and in representative tactical situations. To achieve
this objective, three tactical ranges were constructed, each representing
separate but related squad tactical situations. Each range provided two
rifle squad situations and one machinegun squad situation; the experiment
encompassed six rifle squad and three machinegun squad scenarios.

Instrumented target arrays were laid out for each tactical situation
and targets were programmed to appear to the experimentation subjects,
in conjunction with the firing of weapons simulators, in a way that would
provide subjects visual and audible target cues normally encountered in
combat. Instrumentation designed to measure near misses in relation
to targets was used on two of the ranges. All target elements were de-
signed to detect hits (and some to detect near misses) as a function of
time. Important qualities of the experiment are the recording of events
as a function of time and the inclusion of near misses as an indication of
suppressive effects. Included in the experiment are three primary design
elements: 1) the competing weapons and their associated mixes within a
constant size organization, 2) the targets and their associated instrumen-
tation, and 3) the tactical situations embodied in the three ranges.
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B. EXPERIMENTATION MATERIEL

1. Weapns and Ammuaition

The experimentation weapons consisted of 13 weapons of four
families. The weapons, listed below, are fllustrated in Figures 2-1
through 2-4.

US 7.62mm Colt 5.56mm  Stoner 5.36mm_ Soviet 7,62mm

M14 rifle MI16E1 rifle _ Stoner rifle AK47 rifle

MI4E2 AR* Colt AR Stoner AR ---

M60 bipod MG** - -~ - Stoner bipod MG RPD (squad level)
bipod MG

M60 tripod MG --- Stoner tripod MG DPM (company

level) bipod MG

: Weapons of the US 7.62mm family and the M16E1 rifle of the

Colt faraly are currently standard US weapons. The other 5,.56mm
weapons (Colt automatic ri{le and Stoner family) are US developmental
weapons. Weapons of th: Soviet family are Soviet-type weapons found in
sceveral armies. Thosc used in the experiment were manufactured in East
Germany, the Soviet Union, and Communist China; parts and ammunition
were interchangeable. The Stoner family was designed for maximum inter-
changeability of parts and componcnts hetween weapon types, although the
other weapon families also posses varying degrees of interchangeability of
parts between weapon types.

A basic purpose of this experiment, implied in the candidate
weapons selected, was to evaluate fire effectiveness of low muzzle impulse
and high muzzle impulse weapons, *** The Stoner and Colt 5.56mm
syvstems are of the low muzzle impulse type. The standard US 7.62mm
weapons are high muzzle impulse weapons firing the standard US 7. 62mm
(NATO) cartridge. The Soviet rifle and RPD squad-level machinegun
cartridges are considered intermediate impulse cartridges, while the
Soviet company -level machinegun (DPM) fires a cartridge with energy
similar to the US 7.62mm (NATO) cartridge. Figure 2-5 illustrates the
ammunition types used in the SAWS Field Experiment.

The nominally standard US 7.62mm duplex cartridge has two
nndem loaded 7.62mm pro;ecmes that together weigh slightly more than

. AR - Automatic Rifle

" #% MG - Machinegun

*2+ Table C-6 (Annex C) presents the comparative ammunition character-
istics of low impulse 5.56mm ammunition and high impulse US 7.62mm
ammunition.
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Figure 2-2 COLT 5.56mm WEAPONS
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the standard simplex projectile and have a lower velocity than the simplex '
round. The duplex round was designed to increase hit probability at ranges
to about 300 meters.

Details of weapons and ammunition characteristics are listed in
Annex C. .

The candidate weapons, ammunition, and spare parts for the
experiment were selected and provided by the Army Materiel Command
(AMC). Except for the Soviet-type weapons, the weapons were in new
condition when USACDCEC received them.

Weight characteristics of the candidate and Soviet weapons are
summarized in Table 2-1. This table also shows the weapon ammunition
basic loads used in this exreriment. System weights used in determining
the relative fire effectiveness of the experimentation weapons were those
of the current standard 7.62mm weapons with currently prescribed basic
loads. These weights were adopted to hold squad systems weight constant
and the weights represent current Army weight doctrine; these current
ammunition loads have been determined to approach the maximum per-
missible weight and to be heavier than desirable.* For detailed comparative
data on weapons and ammunition, see Annex C.

2. Organizaticen of Materiel for Experimentation

For comparisons, system weights and the size and structure of
the squad were held constant, but the weapon mixes were varied. These
mixes are shown in Table 2-2.** Squad ammunition basic loads for these
weapon mixes, based on the individual weapon loads given in Table 2-1,
are also shown in Table 2-2.

C. INSTRUMENTATION

On each range were instrumented target arrays connected by buried
cables to a control and recording van behind the firers. Each target
element of an array consisted of some or all of the following components:

1) A target body with a hit sensor, repreéenting a
kneeling or standing soldier or the head and

* A Study to Conserve the Energy of the Combat Infantryman, USACDC,
5 February 1964.

** The squad weapons mixes were selected to permit comparison of the
weapons for the SAWS experiment; they were also designed to provide
building blocks of data that could be used, with an IRUS scaling ex-
periment, to compute the small arms fire effectiveness of alternative
squad, platoon, and company organization.
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Table 2-1
COMPARATIVE WEIGHT AND AMMUNITION BASIC LOAD
Rifles in Rifie Squad ‘ ARs and MGs in Rifle Squads

ftem M14 MI4E2 MI6EL Stoner AKA7 MUE2 | ColtAR | Stoner AR | MOD Bipod E‘”‘;‘;GB"
eapon (unloaded) 9.69 Ib 12.561b | 6.871b 8.25 Ib 8.75 Ib 12.561b | 8.001b 10.621b | 24.371b | 11.441
eapon (loaded) 11.271b 14.14 1b 7.871b* { 9.521b° 10.8716% ] 14.1416 | s.001b* | 11.89°%]| 31.771b¢ | 16.431
pod and case c 0.751b 1.321b ¢ 0.75 b 1.321b c 1.321
pod
are barrel kit
unda :Ve‘:‘g'h“:"c‘;::e o | 100rd 60 rd® 300 rd 180 rd 120 rd 260 rd 724 rd 492 rd 120 rd* | 600rd
L:;n"‘,.’ 7.62mm 17.5916 | (17.30m) | @7.6216) | 7.1910) | (17.2315) | 33.101 | @3.10m) | (33.0810) | (33.081b) | (32.72 1
9;}’:;‘1 :ﬁi‘:gi’f’“ 17.59 Ib 20.461b | 11.121b | 14.151b 16.44 b 33.10b | 17.501b 23,12 48,41} | 21.561
unds 100 rd (100 rd) {100 rd) (100 rd) {100 rd) 260 rd {260 rd) (260 rd) (260 rd) (260 rd

|

NOTE: System weights and ammunition basic loads for all weapons in rifle squ

on one-man loads. Those for machinegun squads are based on three-mu
(a three-man gun team).

A 30-round aluminum magazine
# 30-round steel magazine
¢ Bipod organic to the weapon

0 60 rounds at rifle system weight; however, 80 rounds were allowed

A rifleman was used as a
caliber . 45 pistol.

Com®

{17.59 1b) and the gunner
ammunition In bandoleer:

' Includes weight of the pis

£ 100-round bandoleer
¥ 150-round bandoleer
¢ 100-round drum

47-round drum
200-round metal box
900-round metal box

% -~ A .

System weight {s based o

rounds of ammunition in »
for assistant gunner and ¢

¥ computed on the basis of
cartridge is 5.55 percent

e Three 900-round metal t»
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Table 2-1
AMMUNITION BASIC LOADS BY WEAPON

ARs and MGs In Rifle Squads MGs in Machinegun Squads
M60 Bipod Ftoner Bipod M60 Tripod | Stoner M60 Bipod Stoner
Stoner AR MG MG RPD MG MG Tripod MG DPM MG MG Bipod MG RPD MG
10,62 1b 24,371 11,44 1b 14,931b | 24.081b 10.811b | 22,001b 24,376 11.44 1b 14.93 1b
11.891b% ] 31.771Y | 18.431bF | 20.661b°] 31.46 16t 15.801bF] 27.701b 4 | 31.77 vt 16.431bF] 20.66 1b®
1.32 b ¢ 1.32 b 4 3 (4 1.321b 4
17.371b 19.371b
12.56 1b 5.871b 4.881b 12.56 b 5.871b
" ¢ J8vord 2298 rd' | 752 rd ’ 1000 rd* 2850 rd® | 1833 rd®
492 rd 120 rd 600 rd 300rd” § 129.65 1"} (120.63 Iby | (126.98 1b)| (129.28 )] (129.06 1b) | (128.62 1)
F 123 rd 3059 rd
.0 33,08 b .12 b .121p) | 900 rd 2545 rd 1 r
(33.081b) } (33.08 1) | (32.7210) | (2. 12I0Q 1o domw § (129,63 1b) (129.60 1) | (129.63 1)
' 129.65 1b 74.181b } 132.731b | 112.59 lb 56.76 1b 69.67 1b
23.12 1b 48,41 1b 21.56 1b 30,28 b 800 rd"® (800 rd)t | (800 ray’ (800 ra)* (800 rd)t (800 rd)®
129,49 Ib 74.89 1b 112,43 1b 57.471
(260 rd) (260 rd) (260 rd) (260 rd) 900 rdt (900 rayf (900 rd) ¢ (900 ra)f
basic loads for all weapons in rifle squads are based
ichinegun squads are based on three-man loads
" A rifleman was used as an ammunition bearer and armed with a
caliber . 45 pistol. Combined system weight for the rifleman
(17.59 1b) and the gunner (33. 10 1b) provided 294 rounds of
ammunition in bandoleers for a total weight of 50.63 1b
sallowed ' Includes weight of the pistol carried by the ammunition bearer
7 47-round drum
* 200-round metal box
t 900-round metal box
" System weight is based on weight of M60 tripod MG, 800
rounds of ammunition in metal boxes,and caliber . 45 pistols
for assistant gunner and ammunition bearer
% Computed on the basia of the ball cartridge, 7.62mm duplex
cartridge is 5.55 percent heavier
0 Three 900-round metal boxes plus a 150-round bandoleer
2-9
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shoulders of a soldier in a foxhole,
colored field green with a dirt-smeared
decal face. (Figure 2-6)

2) A mechanism to raise and lower the target
on computer command and to lower it when
it was hit, A

3) A target weapon signature simulator
(weapon simulator) that provided realistic
auditory and visual weapon cues of noise,
blast and flash of a rifle, automatic rifle,
or machinegun, according to computer
programmed commands, and shut off when
the target was hit (not all target elements
had, or needed, simulators).

4) A near miss sensor to sense misses within
2 meters of the target body. These sensors
were used for the target elements in five of
the nine tactical situations. Two types of
near miss sensors were used on different -
ranges: an acoustic sensor (Figure 2-T)
at the shorter firing distances and a cam-
ouflaged panel sensor at the longer
distances (Figure 2-8).

The individual target elements, grouped tactically in arrays,
were programmed to give weapon signature cues and to raise and lower
targets according to programmed exposure times. Exposure times were
selected to portray movements representative of the combat situation
being portrayed. The programmed total target exposure times for each
situation are given in Appendix 4 to Annex B.

In addition to the target array instrumentation, microphones
were placed at each static firing position to allow the rounds fired to be
counted and recorded as a function of time. (Manual counts of remaining
ammunition were made for the two tactical situations where experimenta-
tion subjects were moving.)

The control and recording van housed a control console and an
on-line computer with a magnetic tape recorder. Reproducibility of
target system behavior for each squad in a situation was provlded by
computer command program.

The following basic data were recorded as a function of time to

the nearest 0.01 minute: hits (both first hits and any subsequent hits
before the targets fell completely), near misses, target up and target
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Figure 2-6

STANDING, KNEELING, AND HEAD AND SHOULDER TARGETS
(903, 623, 237 sq in. areas, respectively)
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Figure 2-8

(Kneeling Target)

2-14




down, weapon signature simulator on and off, and rounds fired per weapon,
The instrumentation was capable of discriminating between individual rounds

to 5 milliseconds.

The instrumentation i8 described in further detail in Annex B, /:
supplemental detailed technical report will be published at & later date.

D. EXPERIMENT PERSONNEL

1. Source of Support Personnel

Support personnel for purposes of administrating and supporting
the general conduct of the experiment (other than experimentation subjects)
were from Project Team II, Experimentation Support Group, and the 194th
Armored Brigade of USACDCEC.

2. Source of Exnerimentation Subjects

Experimentation subjects were provided by the 194th Armored
Brigade. Subjects assigned to the six primary mixes--UA, UB, CA, CB,
SA, and SB (the mixes equipped with nine rifles and with seven rifles and
two automatic rifles)--were from infantry companies of the 41st Infantry
Battalion. Subjects assigned to the other weapon mixes--SC, UC, UD, RA,
and RC--were from armored and artillery units as well as from the 41st
Infantry; they had all been previously trained and had qualified with the
M14 rifle.

3. Organjzation of Experimentation Subjects

a. Organization into Squad Weapon Mixes

Experimentation subjects were organized into: (1) nine-man:
rifle squads consisting of a squad leader and two four-man fire teams, and

(2) seven-man machinegun squads consisting of a squad leader, two machine-

gunners, two assisiant machinegunners, and two ammunition bearers.

b. Sample Size « Implications

As far as practical, to randomize and balance uncontrolled
variables--such as differences in the abilities of experimentation subjects,
effects of weather, the effects of time of day (especially light), changing
conditions of vegetation, and the motivational effects of proximity to
weekends and holidays--six squads were assigned to each weapon mix, The
use of six squads allowed them to be scheduled to fire in balanced matrices
in each tactical situation with respect to date and time of day. A total of
105 squads, consisting of 975 experimentation subjects (including super-
numeraries) was required.
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¢. Matching of Personnel

The number of personnel available allowed them to be as-
signed initially at random, on the basis of 72 men to the rifle mix--six
nine-man experimentation squads plus nine-man squads from which super-
numeraries were drawn to replace personnel lost for illness or other
reasons--and 42 men to the machinegun mix. On completing the training
phase, subjects were rcassigned within their weapon type. The same
number of experts, sharpshooters, and marksmen were assigned to each
experimentation squad within a mix.

. To conduct the experiment, special measures had to be taken
to select experimentation subjects that could be retained for each phase
of the experiment and, where necessary, to obtain their deferment from
overseas levy.

Perscnnel records of all personnel were reviewed and cataloged,
both at the time of initial assignment and at the completion of training, to
ensure that personnel of all mixes were as closely equivalent as possible
on all variables that could be expected to correlate with performance.

4, Training Program for Experimentation Subjects

The training phase of the experiment was conducted from 24 August
to 21 October 1965 on Fort Ord Infantry Training Center ranges. Results of
training tests and an analysis of the SAWS training program appear in Section
IV (Training Results).

a. Training Objectives
Training objectives were to make all personnel proficient -
with their respective SAWS weapons, and to obtain data on the relative
effectiveness of training inherent to the various weapons.

b. Training Program

The training program consisted of basic marksmanship and
transition training, and followed current Army marksmanship courses

" outlined in Army Subject Schedules 7-111 and 7-112 dated November 1964;

FM 23-71 dated July 1964; FM 23-16 dated June 1965; and FM 23-67 dated
October 1964.

(1) Basic Marksmanship Instruction
Basic marksmanship instr..t.on included mechanical

training, instructional and qualification firing, target detection, and
night firing. Where weapon differences prevented combined training--for

2-16
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Table 2-3

RIFLE INSTRUCTION

- BASIC MARKSMANSHIP

subject Ton | Ammaiton

Orientation and Mechanical Training ° 4 0
Target Detection 6 0
Preparatory Marksmanship (25 meter

firing) ' 14 132
Field Firing 4 56
Record Firing (ixicludes 3 hours of con-

current target detection) - 16 192
Night Firing 5 4
Familiarization of Automatic Technique - 12 258
Total 61 682

NOTE: Modifications to Combat Readiness Marksmanship
Proficiency Standard Course Al: Orientation and
Mechanical Training was increased from 2 to 4 hours;
Record Firing was increased from 8 to 16 hours to
provide learning factors; Night Firing was increased
from 2 to 5 hours to provide 3 hours of refresher on
techniques; and familiarization of Automatic Fire
Technique was included to prepare experimentation
subjects for automatic firing with rifles,

i

example, mechanical training, sight adjustment and establishing battle~
sight zero--qualified instructors using equivalent training aids and
instructional material taught the experimentation subjects each weapon
system separately. The hours of basic instruction presented are shown,
with the ammunition used, in Tables 2-3, 2-4, 2-5, and summarized

here:
Rifle Marksmanship (Combat
Readiness Marksmanship
Proficiency Standard Course
2-17
-

61 hours




A-1, modified to include 12
hours of automatic fire) o

Automatic Rifle Marksmanship 29 hours

Machinegun Marksmanship 34 hours
(Tables I throygh VI) '

(2) Transition Training

After completing basic marksmanship, rifle and
machinegun squads were given separate transition training designed to
train them to perform effectively as memters of rifle and machinegun
squads and to acquaint them with the safety and range procedures em-
ployed on the SAWS field experimentation ranges (Table 2-6). :

Rifle squad transition training consisted of 24 hours of
instruction as outlined in Army Subject Schedule 7-111 dated November
1964 and TC 23-9 dated January 1965. It included controlled tactical
firing exercises in the approach to contact, assault, and defense.

Machinegun squad transition training consisted of
eight hours of instruction in crew drill and controlled tactical firing
exercises in support of the attack, support of the assault, and defensive
firing. .

¢. Supplementary Training

Supplemen:ary training was provided later to meet require-~
ments caused by normal attrition and the need for new squads. This
training was given at various times in November 1965, December 1965,
and January 1966. The 228 personnel trained or cross trained as rifle-
men, automatic riflemen, or machinegunners are reflected in the totals
shown in Table 2-7. Personnel who had received no previous training
were given the full complement of training. Personnel being cross trained
received instruction on disassembly, assembly, functioning, zero firing,
aucomatic fire techniques, trigger manipulation, loading, and range safety
as necessary, All personnel received equivalent amounts of training.

d. Training Facilities

Facilities used during training included classrooms and
target detection and firing ranges. Infantry Training Center classrooms
and ranges at Fort Ord were used during basic marksmanship training
without modification. Sketches of ranges used for transition training
appear in Section IV,

2~18
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Table 2-4

BASIC MARKSMANSHIP
AUTOMATIC RIFLE INSTRUCTION

Total | Ammunition |
Subject Hours| per Firer

Orientation and Mechanical Training P2 o
Target Detection 2 0
Preparatory Marksmanship (25 meter firing) 12 236
Record Practice (Instructional Firing) 4 79
Record Practice (Qualification Firing) , 4 74
Night Firing 5 104

~ Total 29 493

NOTE: Modifications to Army Subject Schedule 7-111: Mechanical
Training was given to familiarize firers with new weapon
systems: refresher training in Target Detection and Night
Firing was given because these areas are covered in Basic
Rifle Marksmanship Training of which this training is

normally a part.

Table 2-5
BASIC MARKSMANSHIP .
MACHINEGUN INSTRUCTION
, : Total Ammuhition
Subject Hours| per Firer
Orientation and Mechanical Training 3 0
Bipod Firing (Table 1) 4 42
Tripod Firing, Practice (Table II) 4 108
Tripod Firing, Record Practice (Table III) 4 78
Tripod Firing, Record (Table IV) 4 108
Transition Firing, Practice & Record (Table V) 8 396
Day Dcfensive Field Firing (Table VI) 7 200
Total _ M4 932

NOTE: Modifications to Army Subject Schedule 7-111: Mechanical
Training was increased from 2 to 3 hours; Table VII (Assault
Firing) and Table VIII (Day and Night Predetermined Firing)
were deleted as not pertinent to the SAWS Experiment.
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) , Table 2-6
1 TRANSITION TRAINING
§
! Ammunition *
Subject ;:‘::L — f;)er Firer
es ARs
Rifle Squad
Orientation 4 0 0
Squad Technique of Fire ;4 . 20 40
Squad in the Approach to Contact 8 60 120
Squad in the Aszault 4 100 260
Squad in the Defense 4 60 100
Total 24 240 520
Subject Tl | Ammuntions
Machinegun Squad
Support of Attack and Assault
Firing 5 700
Defense Firing | 3 200
Total 8 900

* Indicates amount of ammunition allocated for the exercise,
not necessarily amount expended which varied from firer to firer,

2-20

*
5
2
£
L.
i
i
i
g
3

R AT

e o o




e e 2 e et

L-2 ¥Iqel

“Supure podin) pus podiq Noq peaTeoe
TUTRIA ZequiTe Gy SeTIaaY #p0m00) MO [ ) *o7¥p 1731 ¥ 18 Sururen pe1ejduoo §1 1q *esIwiioqe
. . *3 Wi poyrve SonfurwIwE Jo esMeoeq JIUTEn [PuBiIo $19jdwod (1 m PP [PUBOSINd ¢
i  SAOQE WIENIOO B GAOWS §9 [PULOEIsd PWYS EIBORU] of ) MION . ‘save| Lovelzeue Jo ‘jUsUISUUOD “JIOMY
i BORTEITEINS0Y ‘Dwep ‘GO Jo sITWOOq BopMWETILIAdNe play) uj paen
M ‘8I0IP0q SORFATTTEIY §% PASE 0G O $9 ©1 pouren ARuioIITe 10w 0204 OYa eTosed epnioul SeInIA
“ st ) ’ t ’ i 1 » " se FIvioL
’ Nl ia poid 7 nda
n 91 81 {podr9) aau
! " st 918 . {podin) ssuorg
! n o1 " 30 - tpodp) asuog -
M ot 9 ) .| ¥ v! o950 {podiny) 09K
i 4 . ot POY | {podiq) o9
: D e
w o (o101 MV) OM ddY |
; i {3102 UV} DA 29u0ig
i 1 (o104 yv) DN 09
w ’ 1 v su0ig
n » uV 200
" zaNm
TIES T oNEoIY
) W1 o0t LY
Vo 8zt avuolg
Ve 8Lt oD
vs 1) (o102 o312 zaNIM '
v6 81 "n
usawWIYIY
281n0)
§ Supupeay Su Supures Supures
! rorvison |- semmmeepen [F2on | et | FOSTESeE | PO | wvi0we) | poynicingy | Supmrdumeo | (oodvom | Burereas sas
¥ DN 2s00tg on *eocg oo - | onadu | avuxmg I T _.ﬂ..ﬂ_.“. g
i POUTENOY UIWSPTH YT {iosing
¢
” QINIVHL-SSOHD ANV AANIVYL TIANNOSHAL

2-21




P o > amee

[P DR pepnreeme PR S T el SRS SIS S AL

e. Tralning Data Collected
The following types of data were collected during training:

1) Timed disassembly and assembly of weapons
2) Hits on targets '

3) Size and type of shot groups

4) Number of targets engaged and number hit

5) Round dispersion

6) Ammunition expenditure

7) Number and type of malfunctions

8) Individual qualification

The primary measures of training performance were the
firing scores taken on various ranges at fixed points during training.
Each time firing scores were taken, each weapon system group had
had the same amount of training of the same kind under comparable
conditions. Results of the training program and firing scores are
given in Section IV (Training Results).

E. EXPERIMENTATION PROCEDURES

1. Uniform Operational Policies - General

Uniform operational policies established for each tactical
situation included policies for the situation and for each type of weapon
in each mix of each family. These policies governed the ammunition
basic load, the burst length (for example, semiautomatic or two round),
the ammunition mix (such as the ratio of ball to tracer), the firing posi-
tion (shoulder pointed, for example), the type of support (with or without
sling or bipod), and the type of weapon zero and sight setting. In addition,
a standard policy was used for assigning sectors of fire and for assigning
weapons to foxholes and to positions in moving formations. These policies
and firing techniques were derived from standard doctrine and, where
doctrine was not specific, from exploratory firing. They are tabulated by
situation in Annex A.

2. Control and Balance of Weapon Mix Structure and Equipment

As discussed in paragraph D-3, firers assigned to each mix of
weapons were matched, as far as possible, They were also matched in
assignments to the weapon types in a mix. When tracers were used by
only a portion of a mix (for example, automatic rifles) they were also
used by the firers in corresponding positions in all other mixes. ‘Thias
ensured that differences in the mixea would be a function of weapon
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differences, rather than tracér rounds employed.

The schédu]e of runs was equally balanced in a matrix, providing
for randomizing and balancing out the effects of extraneous variables -
(paragraph E-3 of Section I).

When not in use, experimentation weapons were held in guarded
vans, and periods of care and cleaning were supervised.

3. Modes of Fire

Doctrine and exploratory firing indicated that the best mode of
fire for the M14 rifle was semiautomatic fire in all situations. Since the
limited time available for the experiment did not permit use of more than
one technique of fire for each weapon in each tactical situation, the M14
rifle was fired semiautomatically and the other candidate rifles were, with
several exceptions, fired in two round bursts.* Exceptions were the defense
situations (Situations 7 and 8), where time permitted comparison of all rifles
in both automatic and semiautomatic fire. Another exception was the base
of fire situation in the attack against delaying action (Situation 5), where
all rifles fired only semiautomatically. Automatic rifles and machineguns
were fired, respectively, in identical burst lengths in each tactical situation.

4. Control for Differences in Firer Location and Opportunity

The effects of suchdifferences in firer opportunity as intervisi-
bility were controlled, as far as possibile. The squad leader and the same
special weapons (such as automatic rifles) were always assigned to the same
foxholes or positions. The other firers were assigned from right to left
in the descending order of their training phase marksmanship scores.

5. Control of Squad Leader Variability

Squad leaders exercised administrative control over experimenta-
tion squad except during actual experimentation runs. The effects of the
variability of squad leaders was controlled by using standardized, firing
policies and eliminating the free play of squad leaders' opportunities.

6. Control for Effects of Learning

To minimize transference effects between weapons and other
undesirable learning effects, each squad was trained only in the weapons
of its specific weapon mix, and each squad fired each situation only once,

* As arifle, the M14E2 was fired in two-round bursts because the
directive required that it be fired automatically. The AK47 was
fired semiautomatically in Situations 1, 2, 4, 5, and in the second
series for Situations 7 and 8.
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Measures were taken to ensure that the experimentation subjects would not ' ,
see the tactical situations before firing them. Steps were also taken to ‘
ensure that experimentation personnel had equal access to their assigned
experimentation weapons during the experiment. When not in use, the
experimentation weapons were held in guarded vans, During the experi- o
ment, experimentation subjects were also denied access to their TOLE [
weapons. However, the experimentation subjects, all soldiers of the }
194th Armored Brigade had previously been trained in the M14 rifle. Some _
had also been trained in the M14E2 automatic rifle and M60 machinegun. .
This bias in favor of the US 7.62mm system was not desirable, but could ;
not be avoided because only previously trained soldiers were available for
use as experimentation subjects.

7. Data Collection Procedures - Primary Measures

a. Priméry Measures Data

Most of the SAWS data were provided as output from the ;
SDS 910 computer located on each range in the form of magnetic tapes. k
These data included hits, near misses, and rounds fired as a function of
time, v

To ensure the proper collection of valid data, a range officer,
an operations analyst, (range scientiat), an instrumentations maintenance
officer, and a field engineer were always present at each range. In addi-
tion , test firing was also done on a regular basis for the purpose of exer-
clsing, adjusting, and calibrating the instrumentation before and during
the experiment.

IR TS

b. Supplementary Data

In addition to the data collected by instrumentation, meteor-
ological data were taken continuously at each range. Reliability data were
gathered during each squad trial, Target instrumentation calibration was
checked between each squad trial and the results recorded. This included
a manual count of hits on targets and near miss sensor panels, and a
count of remaining ammunition,

8. Administrative Procedures

a. Briefings and Debriefings

Squads were given identical administrative and semitactical
briefings on each range immediately before firing, and were debriefed
for information about weapon malfunctions immediately after firing.

.k S AL ATt Ao S T Ak R s w5 0 R R b s
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b. Safety Procedures

Because of the scale aad nature of the experiment, special
safety measures were neceesary to reduce the possiblities of accidents,
without detracting from the essential realism or validity of the experiment.
Among the safety measures used were briefings on scale models and
actual terrain immediately before firing with respect to safety limits, the
use of specially trained controller teams at each firing line and in each
moving firing situation, provision of cook-off pits for safe disposition of
jammed hot weapons, and procedures for clearing hot weapons after a
trial by shooting off the last round. Moving pictures were taken of con-
trollers and firers during each squad run. These were shown later for
study and correction of safety procedures and weapons malfunctions.

F. EXPERIMENTATION TACTICAL SITUATIONS

Experimentation was based on nine tactical squad firing situations
grouped three to a range. The three situations on each range were inter-
related parts of a platoon and company framework situation but fired
separately for reasons of data collection and safety. The three platoon-
company framework situations selected were:

1) Assault against defense (Range A)
2) Attack against delaying action (Range B)
3) Defense against attack (Range C)

These three platoon-company framework situations were constructed
to ensure that squad situations could be related for analysis and synthesis
(especially later for IRUS purposes) and to provide for the measurement of
representative mechanisms and modes of fire of small unit small arms
combat,

Each tactical situation constituted a model consisting of selected
terrain characteristics, target array layouts, friendly firer layouts,
firing distances and range-target frequencies, and timing of events repre-
sentative of the situation being portrayed. (See Annex B for range sketch
maps and detailed range information, to include Target System Command
Program Tables.) These tactical situations, together with the effective-
ness criteria, provide the fundamental basis for the analysis. The com-
ponent situations and their effectiveness values can be weighted, if desired,
to modify the basic model, within limits.

The target layouts were determined by examining the dispositions and
dimensions given in US, Soviet, and other doctrine and, where possible,
adopting dimensions that were common to the several doctrines. Detailed
intervisibility and survey data were collected during layout of the ranges.
As far as possible, such target behaviors as type of mdividug.l target body,

e e w
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up and down movement, target exposure times,and wespon simul~tur cues

were based on tactical realiam.

The firing distances used in the tactical sftuations were chosen to
represent thy frequent and useful ranges of small arms combat with
additional longer range Increments added for purposes of securing a
broader data base. The maximum range fired by rifle squads wa3 560
meters and the maximum for machineguns was 7353 meters.* Safety
considerations and available terrain did not have an important effect on
the firing distances selected. The percentages of targets by range for
the nine tactical situations are shown below:

Range Percentage of Targetsa
(Meters) Rifle Squad MG _Squad
0-50 15 2
51-150 as? 1
151-250 10 8
251-350 16 17
351-500 16 29
500-650 8 21
651-750 0 12

ncludes targets used in the night aituation
and targets presented more than once in a
given situation

blncludes targets on assault course that ranged
from 148 to 15 meters

~ The nine squad situations consisted of six rifle squad aituations
and three machinegun squad situations. Of the six rifle squad situations,
two involved moving firing and one involved a night firing situation. The
nine situations are tabulated below and described in the following para-
graphs.

* Preliminary experimentation on Range B (Situations 5 and 6) showed
that firers could distinguish neither targets nor target array locations
at these longer ranges, even when provided with more substantive
auditory cues and visual cues than they would have in combat. This
was true, even though individual targets had camouflaged semicircular
near miss panels 4 mcters in diameter behind them. The squads were
therefore provided additional specific intelligence of the target array
locations so that firing data could be collected at these ranges.
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Assault Against Attack Against Defense Agalnst

Defenae Delaying Action - Attack
(Range A) (Range 1) (Ranrge C}
1. Rifle squad in line 4. Rifle squad in ap- 7. Rifle squad in de-
assault proach to contact fense sgajnst
' attack
2. Rifle squad as base 5. Rifle squad as &
of fire supporting base of fire sup- 8. Rifle squad in
the asaault porting the advance night defense
against attack

3. Machinegun squad
in fire support of  G. Machinegun squad 9. Mach!negun squad
the assault in fire support in defense against

of advanre® attack

1, Situation 1: Rifle Squad in Line Agsault

Situation 1, focusing on the left target array on Range A
(Figure 2-9), represented a 100-meter assault by a squad in line form-
ation. The action lasted 2 minutes. The assaulting {roops employed
marching fire as they moved up the slope., Firing commenced 115 me-
ters from the nearest target and ceased 15 meters from it, The target
array being assaulted occupied a position 50 meters wide and 30 meters
deep with the elevation rising 4 meters from the front to rear on the
same slope as the assaulting troops. The array consisted of 17 head
and shoulders targets representing concealed and partially concealed
dug-in enemy soldiers, as a squad with other company elements as
part of a reinforced rifle company in defense. Although irregular, the
lateral interval between targets averaged 6 meters. Each target in the -
array had an acoustic near miss sensor, and all but three had weapons
simulators,

Situation 1 evaluated rifle aquad weapons mixes in marching fire
against targets in foxholes at ranges of 148 to 15 meters.

2. Situation 2: Rifle Squad as a Base of Fire Supporting the Assault

This situation was also located on Range A (Figure 2-10). In
addition to the target array used in the assault situation, this situation in-
cluded an additional array to the right. The right array contained 13 head
and shoulders targets (a squad with other company elements) occupying a
position 50 meters wide and 35 meters deep with elevation rising 4 meter:.

* Machinegun squads fired this situation from two different positions.
In follow-on experimentation in January, the machinegun squads fired
from the same positions used by the rifle squad in Situation 5.
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from the front to the rear. All but two of the targets were equipped with
weapons simulators, and all had acoustic near miss sensors.

The firers were located in nine shallow foxholes, laterally about 6
meters apart and staggered in depth along the forward edge of a ridge.
The foxholes represented typical hastily prepared individual battlefield
positions. The squad fired first on the left target array (the array used
in Situation 1) and then shifted its fire to the right target array to simulate

the shifting of fire as the assault troops closed on the enemy. The distances

from the firers to the two target arrays was from 263 to 326 meters.

Situation 2 evaluated rifle squad weapon mixes firing supporting fire
from hastily prepared foxholes at concealed and unconcealed targets in
foxholes at a range of 263 to 326 meters.

3. Situation 3: Machinegun Squad in Fire Support of the Assault

This situation utilized the same terrain, targets and firing posi-
tions as that used by the rifle squad in Situation 2. However, this situation
depicted a machinegun squad in support of a rifle squad in the assault. The

two machineguns of the squad were positioned 25 meters apart (Figure 2-11),

4, Situation 4: Rifle Squad in Approach to Contact

This situation, located on Range B (Figure 2-12), included 12
events and employed 40 targets (four head and shoulders, 32 kneeling and
four standing). The 12 events were laid out along a_course over which the
rifle squad advanced in a sweep formation as a line of skirmishers. The
events represented action by snipers, scattered enemy security elements,
and an ambush. The overall course was 430 meters long (Figure 2-13).

As the squad approached an event at a location identical for each squad,
the targets~-30 equipped with weapons simulators--were actuated and the
men stopped and fired. The firing distances for the events varied from
19 to 180 meters. Target exposure times varied from 2 to 10 seconds.

The targets were not equipped with near miss sensors.

The approach to contact situation evaluated the rifle squad mixes in
standing quickfire at briefly exposed visible targets. This situation, in
which firers were time stressed, was designed especially to evaluate the
pointing characteristics of small arms.

5. Situation 5: Rifle Squad as a Base of Fire Supporting the Advance

The rifte squad occupied unprepared prone firing positions averaging

6 meters lateral distance apart and staggered 48 meters along the forward
edge of a ridge (Figure 2-14). Squads representing fire support of an ad-
vencing rifle squad Situation 4) delivered fire on two target arrays. The
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arrays represented partially dug-in enemy in a delaying position. Target
Array X contained 14 targets (five head and shoulders and nine kneeling)
occupying an area 60 meters wide and 42 meters deep, with an elevation
from front to rear targets of about 7 meters. Its range from the firers
wasg 379 to 445 meters. Six of the 14 target elements in this array had
weapon simulators. The morc distant Target Array Y with three head and
shoulders, three kneeling and seven standing targets, was 477 to 560 meters
from the firers, occupying an area 45 meters wide and 62 meters deep with
elevations rising about 7 meters. Six of the 13 targets had weapon simu-
lators. The targets of both arrays were equipped with near miss sensors.
The rifle squad initially fired on Target Array X and then shifted its fire

to Array Y, firing 2 minutes on each array. '

Situation 5 evaluated rifle squad weapons mixes delivering long range
supporting fire from prone positions against concealed partiall_ - dug-in
targets at ranges of 379 to 560 meters.

6. Situation 6: Machinegun Squad in Fire Support of Advance

This situation was also on Range B (Figure 2-15). Machineguns
of the machinegun squad weapon mixes occupied positions about 12 meters
apart along the forward edge of a knoll 240 meters to the rear of the rifle
squad position of Situation 5. In addition to firing upon Target Arrays X -
and Y discussed in Situation 5, Target Array Z was also fired upon and
contained 13 targets occupying an area 52 meters wide and 32 meters
deep, with an elevation from front to rear targets of about 7 meters. Like
Arrays X and Y, all targets of this array had near miss sensors aud six
were equipped with weapons simulators. Target Array Z was located o :
the right of Target Arrays X and Y at a shorter range and contained five ;
head and shoulders and eight zneeling targets. Ranges to the three target :
arrays from the machinegun squad position were 6§03 to 646 meters for
Array X, 690 to 733 meters for Array Y, and 446 to 488 meters for
Array Z. Firing time was 2 minutes on each array.,

Situation 6 evaluated the machinegun squad weapon mixes in firing
long range supporting fire from prone positions at concealed and partially
concealed, partially dug-in targets at ranges from 446 to 753 meters. It
was designed to evaluate long-range fire effectiveness of the weapons
under tactical condit.ons.

7. Situation 7; Rifle Squad in Defense Against Attack

This situation took place on Range C (Figure 2-16). There were {
50 targets, four head and shoulders, 17 kneeling and 29 standing, located ;
and programmed to raise and lower to represent an attack becoming an
assault. Some of the targets appeared more than once. The attack began
at a range of 344 meters and culminated with targets appearing in an
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assault formation 43 meters from the firing positions. Thirty of the 50
targets had weapon simulators; none had near miss sensors. The defending
squad occupied hastily prepared foxh~lea averaging 6 meters lateral dis-
tance apart. 4

Situation 7 (daylight defense) evaluated rifle squad weapons mixes in
firing from hastily prepared foxholes at visible targets advancing from
344 to 43 meters,

8. Situation 8: Rifle Squad in Night Defense Against Attack

The night situation was also located on Range C and was similar
to Situation 7. However, the scenario was slightly shorter. Thirty-two
of the 50 targ=ts used in Situation 7 were utilized; 22 targets were equipped
with weapons simulators. Some of the targets appeared more than once.
There were three head and shoulders, nine kneeling and 20 standing tar-
geta; they were located and programmed to raise and lower to represent
an attack becoming an assault. The attack began at a range of 234 meters
and culminated with targets appearing in an assault formation 43 meters
from the firing position (Figure 2-17). Simulator flash and sound were

_the main cues for firers in this night situation,

Situation 8 evaluated rifle squad weapons mixes firing night defense
from hastily prepared foxholes at target flash and sound cues of targets
"advancing'' from 234 to 43 meters.

9. Situation 9: Machinegun Squad in Defense Against Attack

This situation utilized the same terrain, targets and firing posi-~
tions as that used by the rifle squad In day defense (Situation 7). However,
in this situation the machineguns occupi=d selected foxholes of the position
that had been occupied by the rifle squad (Figure 2-18),

This situation evaluated the machinegun squad weapon mixes firing
from hastily prepared foxholes at visible targets advancing from 344 to
43 meters.

10, Summary of Tactical Situations

The nine tactical situations, together with the effectiveness
criteria discussed in paragraph G of this section, provide the model for
the experiment and analysis of squad-level small arms fire effectiveness.
The model can be adjusted (within limits) by weighting the situations and
the effectiveness measures within a situation. The logic underlying the
experimental design, terrain selection, tactical target arrays, instrumen-
tation, and programming of events in these tactical situations was to pre-
sent squads armed with different weapons and weapon mixes with situations
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that would impose on the man-weapon systems, conditions, interactions,
and modes of fire reasonably representative of combat. Targzet acquisition
was included as an integrated part of the effectiveness evaluation of the
man-weapon systems. Firers were subjected to the stress and uncertain-
ties of intervisibility problems and the knowledge that, if and when revealed,
targets would be fleeting or exposed for unpredictable periods. However,
stress was not otherwise included.

The final elements of the tactical situations were the operational
policies of friendly elements--the basic loads of ammunition, ammunition
mixes, burst lengths, and firing policies used with each tactical situation.
These are discussed in paragraph E of this section and presented in tabu-
lar form in Annex A.

G. EFFECTIVENESS MEASURES (EVALUATION CRITERIA)

This subsection describes the effectiveness measures used in evalu-
ating and ranking the squad weapon mixes. It consists of three paragraphs:
Paragraph 1, discussing the qualitative effectiveness concept from which
the measures are derived; Paragraph 2, presenting the effectiveness
measures themselves; and Paragraph 3, discussing other effectiveness
qualities. .

1. Effectiveness Concept

The effactiveness measures selected for use in the experiment
were derived from the following qualitative effectiveness concept, which
also served to guide their use. This concept is necessarily judgmental
as a hypothesis, as must be the starting point and foundation of any effec-
tiveness criteria. It also depends particularly on informed military judg- ;
ment or military experience, since system evaluation implies that the J
things measured must be valuable qualities of the systems, in the context ;
and environment of their use.

The purpose of the infantry fire fight is to gain fire superiority. Other
factors being equal, small arms fire superiority prevents the enemy 8
fire or movement, permitting mission accomplishment.

~ Achievement of fire superiority requires two elements: 1) attaining ;
a greater magnitude of target effects than the enemy, as a function of - |
time, and 2) sustaining this level of target effects longer than the enemy
can sustain his level of target effects, and long enough to accomplish the
mission. These two elements are referred to here as target effects and
sustainability.

Neither element is meaningful unless related to time. The two-sided
nature of the fire fight places a premium on achieving results {target

2-41

- —————




"
L

v e e

LAY e O P R

effects) more quickly than the opponent can achieve them. The concept of
sustainability also implies time.

a. Target Effects

To understand target effects, the nature of the target and the
friendly firers must be considered.

In combat, the infantry small arms target is normally a group target--
an array of individual targets dispersed in width, depth, and usually height.
The target arrays frequently present a pattern in shape, structure, and
size. Normally most of the targets in the array are concealed or partially
concealed, and firing on the array is often directed at a combination of
cues--such 2a terrain form (for example, the military crest of a hill),
and target weapon signatures--and movement, rather than at fully visible
individual human targets. When targets are not concealed, they are usually
very near or exposed only briefly.

Friendly firers are also a group (in this experiment, a squad) and
behave in a group context. The individual man-weapon interacts with
others in the group at the firing position (for example, muzzle blast and
dust), in feedback of target intelligence (for example, incidental observa-
tion of another's tracer or of the ground strike of another's bullets), and
in eifects on the enemy target array.

Thus, the fire effects produced have characteriastics that may differ
significantly from those of single weapons fired at single visible targets.
Within this context of group firers and group targets, the two principal ,
target effectas produced by small arms weapons are hits and near misses,
and they combine in their effects on a target array.

(1) Target Hits

The eifects of hits on individual targets of an array are
highly sensitive to the iming of the hits and to the damage they inflict on
the array. First hits on individual targets are more important than sub-
gsequent hits on the same target. In combat the target may drop and
cease to be a target after the first hit and, in any event, therc is little
utility in killing a target more than once.

(2) Near Misses

If near enough and in sufficient volume, near misses cause
the target soldier to seek cover and thereby take his weapon out of action
or prevent his movement. Suppressive effects of small arms, particularly
automatic or rapidly firing weapons, may have a greater effect on the
outcome of infantry actions than the lethal effects of hits. Near misses,
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however, will not produce suppression if the weapons and firing doctrine
cannot produce casualties. The nearness of a miss as a function of time

is only one factor contributing to suppression, but it is a necessary condi-
tion if a weapon is to have any suppressive effect.  For purposes of rank-
ing weapons, near misses can be dealt with by recording them as a function
of time, without having to define the quantitative level of near misses that
consututes suprression, .

Near miss data also provides information on distribution of fire. In-
formation on the distribution of fire greatly extends our knowledge of the
behavior of weapon systems, and firing doctrine.

b. Sustainability

Sustainability—the other element needed to achieve fire
superiority—is the length of time a weapon can fire at the ammunition con-
sumption rate required to achieve a level of target effects with the amount
of ammunition that the weapon system affords within specified weight limits.
It is not used in the sense of reliability or durability.

The sustainatility element of fire superiority then is the measure of
how long the fire (level of target effects) can be kept up. With respect to
a single small arms weapon, it is a function of three factors: 1) the
weight rate of ammunition consumption in achieving a level of target ef-
fects, 2) the system weight of the weapon, and 3) the weight limitation on
the weapon system portion of the soldier's combat load carrying capacity.
Sustainability in a small arms system is highly sensitive to system weight,
since the infantryman is severely weight-limited. System weight limits
used for the experiment are discussed on page 2-8, ‘ .

c. Interrelationships

Hita cannot be related to near misses in an absolute sense
because of the impossibility of defining the level of near misses constituting
suppression for a given situation. However, the relative value of hits or
near misses as a measure can be obvious for a given situation. There are
also the possibilities of examining near misses parametrically.

The relationship between sustainability and target effects is clearer.
A gain in sustainability potential can be taken out at the unit commander's
option as 1) within limits, a higher level of effects, 2) greater sustain-
ability at an equal level of effects, 3) reduced soldier's load at the same
level of effects (increase in mobility), or 4) some combination of these.

2. Measures of Effectiveness

Based on the qualitative effectiveness concept, three primary
measures of effectiveness were selected: cumulative target exposure
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time, near nﬂsses, and nercentage of ammunition remaining (sustainability).
In addition, twe collateral measures were selected: targets hit and total
hits. '

a. Primary Measures of Effectiveness
(1) Cumulative Exposure Time

Each target of an array was programmed to be exposed for
a predetermined period that was {dentical for each squad in a given tactical
situation. In the day defense situation, for example, the sum of the pro-
grammed exposure times for all the targets of the entire array of 50 targets
was 15.976 minutes. However, individual targets fell when hit, reducing
thelr exposure time and thus the total or cumulative exposure time of the
array. For programmed total exposure times for each tactical situation,
sec Appendix 4 to Annex B. In the hypothetical example shown in Table
2-8 there are ten targets in an array with a programmed total exposure
time of 12,400 minutes. The sequence of ten targets shows that some tar-
gets were raised earlier aad stayed up longer than others. The total tar-
get exposure time for targets attacked by Squad A 18 therefore shortened
from the programmed 12. 400 minutes to 5. 700 minutes. This 5.700
minutes total exposure time is the cumulative exposure time (CET) for
Squad A. Similarly, Squad B achieves a CET of 8,800 minutes. To the
extent that a squad rapidly acquires and hits targets the CET will be less.
A lower CET indicates that friendly forces in a fire fight are subjected to
fewer man-minutes of return fire from the target array and consequently
suffer fewer casualties and other effects. Therefore, the concept takes
considerable account of vulnerability.

CET of the target system is a primary measure of fire effectiveness.
It reflects both the number of targets in a group that were hit and the
timeliness in which they are hit.

(2) Near Misses

Near miss data were obtained in three of the six rifle
squad situations and two of the three machinegun squad situations.* Near
misses passing within a 2 meter hemisphere about the target were sensed
by an acoustic sensor; where camouflaged panel sensors were used (Situ-
ations 5 and 6), near misses were sensed by a 2 meter semicircular panel

. centered behind the target body. In both cases near misses were recorded

as a function of time.

* The rifle squad situation3 were the assault (Situation 1), base of fire
in support of the assault (Situation 2), and base of fire in support of the
attack against delaying action (Situation 5). The two machinezun squad
situations were those in support of the rifle squad in the assault (Situ~
ation 3) and in fire support of the advance (Situation 6).

2-44

——— 012 . SR 3 e i 1

e S Y




Table 2-8

HYPOTHETICAL EXAMPLE OF
CUMULATIVE EXPOSURE TIME (CET)

Target Sequence Individual Target Exposure Time
Target (minutes) (minutes)
Number [Programmed|Programmed Programmed‘ Sqan AE Squad Bl
Up Time | Down Time | Exposure Time
1 0 1.700 1.700 . 500 . 300
2 .500 2,000 1,500 .500 1.200
3 .600 2.200 1.600 . 700 1.500
4 1.000 2.500 1.500 .600 I.SOOC
5 1.200 2,000 .800 .800° .800¢]
6 1.800 3.000 1.200 .200 | 1.100
7 2.200 4,000 1. 800 1. 000 1. 000
8 3.500 4.500 1.000 .600 . 500
9 4.000 4.300 . 300 .300 ¢/ .300°€
10 4.500 5.500 1. 000 .500 .600
Pr%gxrnaén::ﬁe:u;:t)al Exposure 12. 400‘
Cuzu:}:ﬁ::)Exposure Time 5.700 8.800

AProgrammed down time minus programmed up time
it time minus programmed up time (targets went down when hit)
crarget not hit
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The measure of near misses used in the present report is total near
misses. Near misses are a primary measure because of the importance
of suppressive fire effects. However, because of instrumentation pro-
curement limitations near misses could not be measured in all tactical
situations,

{3) Sustainability

The primary determinant of weapon sustainability (in
the sense that it 18 used here) is the length of time that available ammuni-
tion can sustain an attained level of effects. The measure of sustainability
used here is the percentage of ammunition remaining for a squad mix when
the squad weapon system weight constraint (starting system weight), tact{-
cal situation, and record run time are held constant for all squad mixes.
In Figure 2-19, for example, if Squad Weapon Mix B used 50 percent of its
ammunition load to attain a given level of effects, it would have only half
the sustainability (ability to maintain the same level of effects longer) of
Squad Weapon Mix A that attained the same level of effects with an expendi-
ture of only 25 percent of its ammunition.

b. Collateral Measures

Collateral measures, as defined here, are lesser included
functions of primary measures and therefore are subordinate to primary
measures. They are performance measures, rather than effectiveness
measures. However, the collateral measures of the number of targets
hit and total number of hits provide some limited insights into weapon
system behavior and sometimes facilitate interpretation of the primary
measures.

(1) Targets Hit

This measure indicates the number of targets hitin a
given target system, but gives no indication of the amount of time required
to secure the hits. When related to total targets, it provides a measure
of fire distribution and some insight into the cumulative exposure time
measure. I the same number of targets in an array are hit, but at dif-
ferent times, the cumulative exposure time will be different.

(2) Total Hits

This measure takes into account multiple hits on targets.
Since targets in this experiment fell on receiving a first hit, multiple hits
could occur, as in combat, only because of rapid fire from a single weapon
or because two or more firers »cquired and hit a target almost simultan-
eously, The total hit measure has collateral worth as an effectiveness
measure, especially if two systems rank equally in other respects.
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(3) Correlations

A correlation analysis was run on measures of effective-
ness, both primary and collateral, to determine the extent of the relation-
ships of the various measures to each other, and to gain further under-
standing of the nature of these relationships. Tables describing these
relationships are presented in Annex D,

3. Effectiveness Qualities - Combat Effectiveness Components

Combat effectiveness components important to the evaluation of
small arms weapon systems include the following:

a) Fire Effectiveness

b) Weight reduction

¢) Tactical versatility |
d) Reliability

e) Training

f) Collateral applications

They are discussed and related to the output of the SAWS field experiment,
fn turn,

a. Fire Effectiveness

USACDCEC!' s primary contribution is in this area. This re-
port provides the fire effectiveness results, and relates lethality to the
effectiveness results,

b. Weight Reduction (Mobility)

Weight reduction results--rankings of squad weapon mixes
according to the amount of weight that can be eliminated from the soldier's
or squad's combat load if a sustainability advantage is taken out (even
partly) in weight reduction--can be computed from the weights of the
weapon systems and the sustainability results presented in Section VI,

The shorter, lighter weapons were naturally more easily carried and
therefore increased the soldier's mobility.

c. Tactical Versatility

This quality includes: 1) the relative capability of candidate
weapons to perform the functions of the rifle, carbine, submachinegun,
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automatic rifle, antitank grenade launcher, and M79 grenade launcher
with the fewest number of weapon types; and 2) the relative suitability
of the weapons for use by airborne, alrmobile, mechanized and amphibi-
ous forces, The USACDCEC SAWS experiment implicitly covers some
aspects of tactical versatility, particularly in the area of dismounted
rifle and machinegun squads, For example, rifles, automatic rifles

and machineguns were all fired in the automatic rifle role.

d. Reliability

This quality includes reliability, durability, ruggedness,
and performance under extreme conditions. The experiment provided
data on reliability-durability and operation in the field, including sandy
conditions. Reliability results are presented in Section V.

e. Training

Training effectiveness for the experiment is discussed in
paragraph D-4 of this section and in Section IV,

f. Collateral Applications

This includes such matters as suitability for use in the
Military Assistance Program (MAP). The distinction between this
quality and tactical versatility is one of degree. Insight into .hese areas
can be derived from USACDCEC fire effectiveness, weight reduction,
and reliability data. USACDCEC's answers to the essential elements
of analysis (EEA) provided to USACDC by separate letter further relate
USACDCEC SAWS data and results to some of these broader questions of
collateral applications. *

* Letter, CDEC-TB, HQ USACDCEC, 1 April 1966, Subject: Essential
Elements of Analysis (EEA), Small Arms Weapons System (SAWS)
Program. :
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SECTION III
METHODOLOGY FOR THE PRESENTATION OF RESULTS

A. ORGANIZATION OF RESULTS

The data and results from which the USACDCEC SAWS conclusions
were evolved are presented in Sections IV through VIII. Each Section
deals with a particular type of experiment or data base.

Section IV deals with training implications,

Section V presents the results of the USACDCEC analysis of the
materiel reliability data collected during the experimentation.

Section VI details the results of fire effectiveness experimentation
designed to discriminate among squads armed with different weapon mixes.
That section i8 divided into three parts. Part A, dealing with the rifle
squad mixes for which experimentation was originally planned and mixes
provided for either in the USACDCEC outline plan or in a subesequent df-
rective from USACDC Headquarters; Part B, covering follow-on rifle
squad experimentation and presenting results of an investigation into the
feasibility of adopting a rifle squad equipped only with Colt automatic
rifles, or with a combination of Colt rifles and Stoner machineguns; Part
C, discussing the comparative machinegun experiment.

Section VIII is a brief note discussing the relationship between current
lethality data and the USACDCEC SAWS results and conclusions.

Section IX presents USACDCEC SAWS conclusicns,
B. DATA PRESENTATION FORMAT

The numerical results for situations in most cases are presented
within the framework of a single large consolidated table (comprired of
subtables) and a set of graphs. Tables and graphs for each situation are
accompanied by brief descriptions of the situations, summaries of the
respective tables and graphs, a list of standard scores, and a summary
analysis.

Three types of data are presented: descriptive statistical performance
measures; probability measures, and graphic presentations of the data as
a function of time and range, where applicable.
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Performance measures, (the effectiveness and collateral measures
discussed i{n Section II, are used to rank the squad mixes. Probability

measures provide the means of determining the extent to which experiment-
ally observed differences are chance results caused by variations in the ex-
periment.

If observed differences have a low probabtlity of occurring because of
experimental variations, it may be considered with a high degree of con-
fidence that the differences in performance measures are caused by system
differences. Performance measures and their ranking should not be used
without reference to statistical probability measures.

Sections IV, V, and VII do not deal directly with fire effectivness re-

sults. These data are presented primarily in a descriptive narrative format.

For purposes of brevity and clarity, it was necessary to assign a two-
letter code designation to each weapon mix. The weapon mixes are referred
to by this code in most of the tables and graphs of the report. The key is
presented below. . :

UA - 9 M14 Rifles

UB - 7 M14 Rifles and 2 M14E2 ARs
UC - 5 M14 Rifles and 2 M60 MGs
UD - 9 M14E2 Rifles

CA - 9 M16E1 Rifles
CB - 7 M16E1 Rifles and 2 Colt ARs

SA - 9 Stoner Rifles
SB - 7 Stoner Rifles and 2 Stoner ARs
SC - 7 Stoner Rifles and 2 Stoner MGs

RA - 9 AK47 Rifles
RC - 7 AK47 Rifles and 2 RPD MGs

CX -~ 9 M16E1 Rifles (Same mix as CA, but
used in follow-on experimentation
as a control mix)

CY - 9 Colt ARs

MB - 7 M16E1 Rifles and 2 Colt ARs
(Same mix as CB, but used in follow-on
experimentation as a control mix)

MC - 7 M16E1 Rifles and 2 Stoner MGs
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C. EXPLANATION AND DESCRIPTION OF DATA

1. Performance and Statistical Probability Measures

A difference will usually emerge if the characteristics of {wo
mixes are measured. For example, one mix may measure 22 and another
20, A question then arises: does the observed difference represent a
rea! difference in mixes, or is it due either to chancn elements that affected
the experiment or due to sampling variations?

There is no absolute yes or no answer, but statistical techniques
can provide the probability that an observed difference is due to chance
variation. This is the likelihood that a wrong decision would be made by
rejecting (on the basis of the experimental observations) the hypothesis
that there is no real difference in the systems.

In the example where one mix performance measured 20 and
another 22, the probability can be estimated that if the experiment were
repeated many times, a difference of two or more would occur from chance.
Such a probability might turn out to be, for example, .03. If the mix that
measured 22 were selected on this basis, there is a probability of .03 that
the selection was wrong--wrong in the sense that there may be no differ-
ences in the system.

If a probability level of .20 is selected for rejecting the hypothesis
of no real differences, there is a high risk in concluding that the observed
performance difference reflects a rgal difference in mixes.

It i3 also possible to make another kind of erroneous decision,
that of accepting the hypothesis that differences in a performance measure
are due to chance when in fact there is a real difference in the performance
of the mixes. The ability of a statistical test to indicate real difference in
performance measures depends on the magnitude of the real difference and
on the size of samples. These two factors influence the probability of ob-
served differences in the performance measure and the magnitude of
observed differences that will lead to rejection of the null hypothesis that
there are no system differences. In this experiment, the sample sizes
were as large as possible within the practical limit of the experiment, so
that real differences in performance measures would have the greatest
likelihood of being detected. Some real differences undoubtedly will remain
undetected, but the rejection probability should be valid for any differences
that are labeled significant.

The appropriate probability level for rejection i8 a matter of
judgment involving a certain amount of risk. A low level for rejecting the
hypothesis that the observed difference is real reduces the risk of errone-~
ously concluding that there is a real difference when there is not, but it
increases the risk of rejecting a mix that might in fact be superior in the
quality measures.
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To facilitate this judgment process, the report, for the majority
of the results, presents a subtable for each measure presented in a situation,
showing the probabilities that can be attached to experimentally observed
differences in each possible pair of squad mixes. The probabilities are
presented in numbers up to .40. These tables might indicate, for example,
that the chance that the observed difference between mixes A and B could
be equal to or greater than the measured amount is .08. As these probabil-
ity figures more closely approach the value of .50, the risk that the experi-
mentally measured differences were caused by chance factors becomes
greater.*

Presented on the following pages are Subtables A and H from the
table for Situation 2, which treats cumulative exposure time (CET).

Subtable A shows the mean (average) raw CET score in minutes of
total target exposure time of each squad mix, and the standard deviation
(SD) of each mix's score. Finally, it shows the mean standard score (z").
(The standard score concept will be discussed further below.) At the bottom
of Subtable A is shown the mean (average) of the squad mix mean scores (X),
and its standard deviation (SD).

Each measure for the rifle squad experiment is also {llustrated in
a series of bar graphs located on the same foldout page as the numerical
data and probability table presentations. The bar graphs portray the mean
(average) scores of all mixes, the range of all squad scores, and the ranges
of the 8ix squad scores comprising the highest and lowest scoring mix for
each measure for each situation. In addition to these bar graphs, histograms
{a type of bar-graph representation) and graphical representations of dis-
tributions of measures as a function of time and range are presented for
some experimentation sjtuations. These two methods of data presentations
are explained in paragraphs C-6 and C-7 of this section.

The bar graph for Situation 2 (Rifle Squad As A Base of Fire Sup-
porting the Assault) should be referred to for comparison with Subtable A
being discussed here. The first block of the graph shows CETs that were
also treated in the first table of statistical figures, Subtable A. The first
bar on the left shows the mean scores corresponding to mean CETSs in Sub-
table A; the second bar shows the range of all squad scores regardless of

* It should be noted that these probabilities are not offered as precise
confidence levels for formal tests of null hypotheses. Such a test
would require either an a priori statement of the particular pair of
mean values to be compared, or a composite analysis cf varianc=
with the pairwise test being used to identify significant analysis o?f
variance contributions. In the absence of a significant F test these
probabilities should only be considered to provide a rough indication
of the relative importance of the magnitude of the differences tested.
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Subtable A—CUMULATIVE EXPOSURE TIMES

Mix ci:{'r SD ssfi:::r:v
UA 7.5 2.3 77.1
CA 78.2 10,0 71,2
UD 78.6 8.3 68.3
UB 80,0 6.6 59,0
sC 80,4 9.4 53.8
SB 81.0 10,1 48,9
SA 82,0 9.1 41.4
CB 82.1 4.6 40.4
uc 84,2 7.2 23,6
RA 85.1 10,9 16.6
X 80,9

2,52

SD

Subtable H—CUMULATIVE EXPOSURE TIME p FACTQRS

UA - CA UD UB SC SB SA CB UC RA
>.40 .381 .22 241 .21 .14 .01.3 .03 | .07
>.40| .38 .35 .32 .26 .20 ].13 | .15
>.40 .37 .33 .26 .19 .12 § .15
>.401>.,40 | .32 24 1.15 | .17
>.40 ] .39 .35 ].23 1 .23
| >40 |>.49 } .27 | .27
>.40 .32 | .31
.28 .28
>.40
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the squad mix; the third bar shows the range of scores of the leading rifle
squad mix (the UA mix composed of nine M14 rifles); and the fourth bar
shows the CET score range for the lowest ranking rifle mix (the RA mix
composed of nine AK47 rifles) (page 6-23),

The performance measure tables and the graphs complement each
other, both showing the mean average scores for each mix in rark order.
The tablea also provide standard deviations, while the graphs provide the
range of scores contributing to these deviations.

2. Combined Use of Descriptive Performance Measures and Statistical
Probability Data

Subtables A and H (CET for Situation 2) shown above can be used to
illustrate how the two types of data should be used. Subtable A indicates
that mix UA (nine M14 rifles) ranks first with a CET of 77.5 minutes and
mix CA (nine Colt rifles) i{s second with mean CET of 78.2 minutes, Sub-
table A does not state whether this difference as measured in the experi-
ment is a statist!cally significant difference. In other words, if further
experiments were conducted, what are the odds the results would go the
other way? If the odds are high, it should be concluded that the measured
difference is not statistically significant and that, for practical purposes,
one system appears as good as the other as far as the particular measure
is concerned,

In the case of the UA and CA comparison, a measure of such odds
can be obtained by referring to the Subtable H adjacent to Subtable A, which
shows probability (p) factors (for the two sample t-statistics). In the cell
of row UA and of Column CA is the factor p>.40. This p-value indicates
that a low level of statistical confidence attaches to the experimentally
observed difference in Situation 2 CET as between UA and CA. As far as
the experimental resuits are concerned, UA and CA in this situation
appear about equally effective in CET.

In a comparison of UA with UC (five M14s and two M60s), however,
one can read across the p-value table and see the number .03. In this com-
parison, confidence in the conclusion that UA is superior to UC is relatively

high.

The combined use of statistical probability measures and the per-
formance measures can serve as an aid for analysts and decision makers,
In the case of the UA and CA comparison (p>.40) discussed above, there
fs little evidence for concluding that there is a real difference between
mixes on the measure of CET. However, the systems may very well be
different regarding the other effectiveness measures, Subtable B for Sit-
uation 2 (page 6-23) shows that in near misses CA scored 323 and UA scored
259, The statistical probability is ,05. Similarly, in sustainability (Sub-
table C) fpage 6-23) CA scored 50.5 and UA 22,0, withp = . 001, Thus it
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might be concluded in this situation that the CET qualities of CA and UA
are a toss up but that the experimental evidence strongly supports the con-
clusion that CA is superior to UA in near misses and sustainability. On
this basis it might then be concluded that the experimental results in Sit-
uation 2 indicate that CA is the superior mix,

Successive pairs of systems can be analyzed by situation and event
in the same fashion as above. Such a process, however, is time consuming
and requires judgment at numerous points. One important type of judgment
centers on what is the appropriate probability that should be used. Other
judgments must center on possible tradeoffs suggested by the data, For
example, System A produces 10 percent more near misses than System B
but, relative to B, has 30 percent less sustainability in terms of the percent
of ammunition remaining. Is such a tradeoff, or price in sustainability,
worth the extra near misses? In part, the answer would depend on the
absolute sustainabjlity scores attained. It is one thing if A has a sustain-
ability score of 80, and B, 50; perhaps another if A had 40 and B had 10.

In the latter case a hypothetical squad might be in poor condition to resist
an immediate counterattack after a successful attack.

However, it may be neither practical nor possible to go through
a detailed analysis of the kind suggested here as a means of evaluating
weapon mixes. It is therefore, desirable to provide an evaluation and
appraisal of weapon mixes, preferably by a less involved method. To
facilitate such an analysis, the concept of standard scores is useful.
Hence, a short discussion of standard scores is presented in each subtable
for each experimentation measure and in summary subtables.

3. Standard Scores

Scores obtained for weapon mixes for each of the measures in
the SAWS experiment are not directly comparable between situations or
between measures. For example, CET is measured in minutes, near
misses in actual number, and sustainability in percent of ammunition re-
maining. Moreover, CET may average 3 minutes in one situation and 20 in
another. In dealing with such observations, it is desirable to have scores
that can be easily compared. This is what standard scores do.

Consider the following hypothetical example for a situation.




Measure Raw Standard |Adjusted Std
of g‘cean %D Scores | Deviations | g.;re (2) | Score (2)
Effective-|"g © _ Mix Mix Mix Mix
nesa A B A B A B A B
Near .
Misses 185,7126.4] 196 162 | 40.3 6'.3 1.53 .‘24 79.81] 80.6
CET 33.71 8.2 20 44 |-13.7110.3}-1.67|1.25] 18.6] 75.0

In this example, the mean score (X) represents the average of the
raw scores of the ten mixes in a given situation. The example also shows
the standard deviation (SD) of these raw score averages.,

Consider next the raw score measures for Mixes A and B. Note,
for example, Mix A's near miss performance deviates from the mean score
of all mixes by 40.3. When this raw deviation for the mix i{s divided by the
standard deviation of the group score (26.4), the standard score (Z) of 1.53
is obtained.

Such measures have a mean of zern and a standard deviation 1.
To eliminate negative scores and put them on a scale similar to conven-
tional scoring methods, they can be adjusted by selected constant factors.
For the purpose of this experiment, they were adjusted as follows:

X1 -X
SD

where the expression in the brackets represents the standard score z, as
shown in the table above, and z' represents the adjusted standard scores. *

2'=50+20

The standard score, therefore, is used in this report as a numer-
ical representation, or index, to facilitate understand:ng the relative effect-
iveness of each weapon system mix in each situation. A standard score that
is below 50 automatically indicates that the actual performance of that weapon
mix was above the average for that measure.

The standard scores not only provide an immediate index of
whether weapons systems performance is above or below the average but
they also provide an immediate visual index of how far that squad weapon
mix's performance deviates from the average in relation to how far the
other mixes deviate from the same average.

* X, is the raw score of the mix, X is the average raw score of all mixes,
and SD is the standard deviation of the raw scores for all mixes.
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The standard scorea thus provide a ready means of combining the
various performance measura2s. All performance measures (CET, near
misses, sustainabijlity, number of targets hit, and total number of hits)
now have an identical average score of 50 and identical standard deviation
of 20. Thus, if a weapon mix is above average in both CET and near misses,
the results of combining these standard scores, no matter what weights were
agsigned to each must show a resulting mean (average) standard score of
above 50--since its above average parformance on both measures required
it to have a standard score of above 50 on both measures. Therefore, al-
though raw scores of different variables cannot be meaningfully combined,
the standard scores can.

The combining of standard acores rather than the direct averag-
ing of ranks, or some similar method, also takes into consideration t} -
relative superiority or inferiority of the performances of different mi+ g
on different measures. For example, it will be noted that mix UA did
better than mix SB on the target effectiveness measure of CET in Situa-
tion 5--but that mix SB did better in the other target effectiveness measu. s
of the number of near misses. If a decision were to be made to weight th: e
two measures equally, the conclusion might be drawn that UA and SB were
equal to each other in target effects, since UA was higher than SB on one
of the measures while SB was higher on the other measure. A comparison
of the standard scores presented below, however, might lead to a different
conclusion.

Mi CET Near Misses Target Effects
X
Rank | Std Rank Std Rank St »
Order | Score | Order | Score | Order d Score
(Av of CET and NM)
UA 1 54.45 2 46. 7 2 50.57
SB 2 53.57 1 71.3 1 62.49

* If CET and near misses were weighted equally

Ay e i e e e

Therefore, combining standard scores to assist in the interpreta-
tion of results automatically considers that although mix UA was better
than mix SB in CET, the difference was very slight; but that in the case
of near misses, when SB was better than UA, the difference was rela-
tively much larger.

* I CET and© . .....2s were weighted equally.
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4. SAWS Target Fffocts and Overall Effectiveness Scores

Subtables F and G of the consolidated tables for each situation
present the average standard scores for each mix {n target effects and over-
all effectiveneas. Subtable F provides, in rank order, the overall standard
scores for target effects (CET and near misses) combined. Subtable G pre-
sents the overall standard scores, In rank order, of the weapon mixes for
target effects (CET and near misses) combined with the third primary effect-
Iveness measure of sustainability (percentage of basic load of ammunition
remaining at the concluafon of each situation).

Subtable F, therefore, presents the overall standard scores of
weapon mixes rank ordered according to their overall target effects. For
fllustrative purposes, CET (representing targets hit as a function of time)
has been equated in Subtable G with near misses (representing the number
of near missea per unit of time). There are, mathematically, an infinite
number of weightings that can be given other than the arbitrary 1-to-1
weights presented. If it were desired, for example, tn» weight near misses
in the assault twice as much as CET, then the near miss standard score
provided in Subtable B would be multiplied by 2, added to the CET standard
score for Subtable A, and the result divided by 3.

In Situation 4 (Rifle Squad Approach to Contact), Situation 7 (Rifle
Squad in Day Defense), Situation 8 (Rifle Squad in Night Defense), and
Situation 9 (Machinegun Squad in Day Defense) near misses were not
measured. Therefore, the overall target effects standard scores presented
in Subtable F are based solely on CET. Thus, for these situations, tke
standard scores in Subtable F are identical to those in Subtable A (CET).

Subtable G presents the combined overall standard scores for each
situation for all of the primary effectiveness mcasures (CET, near misses,
and sustainability). In other words, Subtable G combines each of the prim-
ary effectiveness measures used in the experiment into an overall effective-
ness ciiterion and rank orders the weapons mixes accordingly. It must be
emphasized that these rank orders, for illustrative purposes only, weight
each of the primary effectiveness measures equally. Thus, CET, near
misses, and sustainability each contribute to one-third of each weapon mix's
overall rank order, which in effect weights target effects (CET and near
misses) two-thirds and sustainability one-third.

In Situations 4, 7, 8, and 9, where scores for target effects are
based solely on first hits as a function of time (CET), target effects are
still weighted two-thirds and sustainability one-third. Thus, regardless of
the situation, the overall ranking of weapon mixes, as presented in Sub-
table G, is always the result of giving sustainability a weight of one-third,

For rifle squad Situation 2 (Base of Fire supporting the Assault),
Situation 5, Rifle Squad as a Base of Fire Supporting the Advance), Situa-
tion 7 (Defense Against Attack), and Situation 8 (Night Defense Against
Attack), there is a fifth column for each Subtzble C (Sustainability). This
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column (titled ""Sustainability Time") lists, in minutes, the amount of time
that each of the given squad mixes would be able to sustain itself in that
situation, Thus, if & squad weapon mix fired 75 percent of its ammunition
over the 4 minute duration of Situation 2 (Base of Fire Supporting the
Assault), the weapon mix was conajdered capable of sustaining itself in
such a situation for 5.33 minutes.*

5. Expected Scores

The method of computing expected 8cores was the same for Series
1 and 2 of Situations 7, Series 1 and 2 of Situation 8, and the duplex experi-
ment. The equations used to calculate expected scores for primary and
collat=ral measures and the basic proportions used in these calculations
were the same: for each situation. This basic format was constructed as’
follows:

Experimentation Control

Squads Squads
Series 1 (first firing) Am By
Series 2 (second firing) Cy Dm

M = The mode of fire (ball or duplex, automatic or
semiautomatic) used by all squads of the mix
during their first {iring of the situation

* The figures presented in the subtables of the various tables for each
event prcvide the USACDCEC SAWS data in terms of means (averages),
standard deviations, standard scores, and probabilities ({llustrating
levels of significance). However, there are a number of technical rules
for the precise interpretation of these statistica; and a number of math-
ematical assumptioas that must be satisfied if these are to be used pre-- ;
cisely and in the most meaningful manner. In the final analysis, each i

score and statistic presented can be looked at and conaidered only {n
conjunction with all other statistice of the table. Thus, rank orders of 4

i e s

weapons systems and standard scores have full meaning only in con-
junction with the values in the probability subtables (H, I, J, K, and L). ;
Furthermore, for a precise interpretation, it is necessary to be thoroughly 4
familiar with the many assumptions inherent to the various statistical pro- B
cedures and measures used and to understand thoroughly the mathematical

relationships between these measures. An attempt has therefore been made

to provide sufficient data to allow the reader to reconstruct the varfous

situations, perform his own analyses, and draw his own conclusions. In

this respect the chi square values for Bartlett's Test for Homogeneity of

Variance as well as F values and corresponding probabilities for these

F ratios are also presented.
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D = The mode of fire used by three of the six rifle
squads during the second firing, and the mode
against which a comparison with the first firing's
M mode was desired

AprAverage scores for the three experimental squads
(usually the odd numbered squads of the mix) after
their first firing in M mode

B, =Average score for the three control squads (usually
the even numbered squads of the mix) after their
first firing in M mode

Dy =Average score for the three control squads after
their second firing of the situation using M mode

C4q=Average score for the three experimental squads
after their second firing of the situation, but
using D mode rather than M, which was used
during their first firing, and which control squads
continued using

The equation used to calculate the expected mix score (the score
that would have been expected of the entire six squad mixes from the first
firing of the situation {f mode D, rather than M, had been used) reads:

Mix
Expected = (A+B) (1 + EQ.A‘.DAQ.)
2

6. Graphical Presentation of Measures as a Function of Time
and Range

Results for rifle squad situations are also presented in the form
of graphs. Hits, near misses, total hits, percent of ammunition expended,
and number of rounds fired are illustrated all as a function of time and
range. Except for Situations 7, and 8, time is represented on one axis
and the measure of effectiveness on the other. All the measures indicated
above may not be represented on all graphs.

Because the targets were programmed to rise and fall in sequence
at different times in Situations 7 and 8, either individually or in groups,
distributions of the effectiveness measures as a function of scenario time
were not applicable. For Situation 7 and 8, therefore, the measures have
been cumulatively plotted, starting with the targets at the greatest range
{which came up first) and cumulating the measures through the assault
targets that were closest to the firers and came up last.
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These g1 aphs present the relative effectiveness of the varfous
weapon mixes at different ranges, and at different times {n each situation.
They also permit a ready analysis by weapon mix of the relatfonship of
the various measures to each other at varying ranges and times.

For example, Figure 3-1 illustrates the distribution of targets
hit and near misses for hypothetical Mixes A and B in Situation 1 (Rifle
Squad in Line Assault),

The time scale i8 presented at the bottom of each graph. The
range scale is presented on the center line between two graphs,

An examination of the graphs by comparing the maximum point of
each curve (intersection of curves with right vertical axis) shows that
Weapon Mixes A and B are equivalent in total number of near misses (400),.
but that Mix B is superior to Mix A in the number of targets hit during the:
Assault Situation (6.5 versus 4.5). Examination shows that the squads of |
Mix A averaged their first target hit (indicated by * on the curve) in the
Assault at a range of 50 meters from the targets while Mix B averaged its.
first hit in the Assault at a range of 100 meters from the targets. A com-
parison of the curves further shows that Mix A squads hit, on the average,
only one target during the movement from 130 meters in to 50 meters, while
Mix B during the same time of movement acroas the same amount of ground
had hit an average of three targets. However, the slopes and increase in
curve ordinates between 50 meters and the end of the assauit (30 meters
irom the targets in the experiment due to danger of damaging ground level
target ingtrumentation) shows that both mixes averaged an identical 3.5
targets hit during this period. Examination of these graphs indicates that
both mixes were equivalent in the Assault in their suppressive fire effects
as a function of near misses and in their ability to hit targets at a range of
50 meters and closer, but that Mix B is superior in its abflity to hit targets.
at ranges of more than 50 meters. Mix B's overall superjority at the com~
pletion of the Assault is therefore due solely to its superiority in attaining:
hits at ranges of more than 50 meters.

Figure 3-2 presents data for hypothetical Mix C from Situation 2
(Riﬂe Squad as a Base of Fire in Support of the Assault, ranges of 269 to
326 meters). The center vertical dashed line represents the division
between the two target arrays. (See Section II for a description of Sit-
uation 2,) The first 2 minutes of fire were directed at the left array of
17 targets. At the end of 2 minutes (indicated by the time scale on the
horizontal axis) firers shifted fire to the right array to reproduce the
effects of the shift of fire that is necessary when the assault element
closes with the enemy position.

o AT A T T T e
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In this example (Figure 3-2) it can be seen that the number of
rounds fired and the number of near misses rcse steadily and at a constant
rate throughout the 4 minutes of fire. For every near miss registered
within 2 meters of a target there were 5 rounds fired, By comparing
the ends of the curves, it can also be seen that there were 1700 rounds

- fired and 10.5 targets hit, or one target hit for each162rounds fired. But,

unlike near misses and ammunition expenditure, most of the targets hit
for each array were hit during the latter portion of the 2 minute firing
times. The graph shows that even though the rate of ammunition consump-
tion and near misses for hypothetical Mix C 18 constant during the entire
situation, the rate of hits i8 not, There were practically no hits during
the first minute of fire on each array; however, during the latter part of
the firing on each array the rate of hits increased at an extremely high
rate, A gentle sloping curve, therefore, indicates that there were few
hits while a steep slope of the curve indicates a high rate of hits,

Figure 3-3 presents an example of cumulative exposure time
(CET) plotted as a function of range for a situation similar to Situation 7.
In this situation targets rose individually or in small groups for brief
exposures, The program provided for a sequence of target exposures
starting at distant ranges and culminating in the exposure of ten close
range (approximately 45 meter) targets, The exposure times of each
target are cumulated from the most distant target through the closest
target (from left to right on the horizontal axis of the grapn). If every
target were hit at precisely the same instant that it appeared, the target
exposure time would be theoretically zero and the CET curve would be a
horizontal line corresponding with the horizontal axis of the graph. On
the other hand, if no target were ever hit, each target would remain up
for its entire programmed exposure time, represented in Figure 3-3 by
the curve labeled CPET (cumulative programmed exposure time), There-
fore, all curves for all mixes must fall somewhere between the CPET
curve and the horizontal axis, Thus, the mix with the CET curve closest
to the horizontal axis hits the targets the quickest, The intersection of
this curve with the right vertical axis of the graph represents the CET of
that mix for the entire situation. A comparison of the slopes of the curves
of any two mixes for any range increment will show which weapon mix was
superior at that range, The mix with the curve that has the steepest slope
at any given range is the poorest mix at that range.

Also illustrated are curves for the number of targets hit, the

total number of hits and ammunition expenditure, From Figure 3-3, it
can be seen that ammunition expenditure was greatest at the longer ranges

while the number of targets hit was the least, and that it took longer to hit
the targets that were hit. At the closest ranges (45 to 60 meters), however,
there was very little ammunition expended (almost horizontal slope of the
"rounds fired" and "percent of ammunition remaining’ curves), yet the
curves for both number of first hits (targets hit) and number of total hits

on targets increases sharply in slope. Furthermore, not only are more
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targets hit but they are hit more quickly, as {ndicated by the relatively
flat CET curve at the 45 and 60 meter ranges. The fact that the targets
were hit so quickly can, of course, be related here to the fact that very
little ammunition was expended. Had the targets not been hit so quickly,
they would have been fired at for a longer time with a resulting increase
in the amount of ammunition expended.

These graphical presentations of the distribution of effectiveness
measures as a function of time and range permit a ready comparison of
the behavior of the various effectiveness measures within a weapons mix,
while at the same time permitting a comparison of the mixes with each
other at varying ranges and under varying conditions.

7. Histogram (Bar Graph) Presentation of Nuar Misses as a Function
of Target Location . .

For situations where near misses were recorded, the distribution
of near misses across the target arrays are presented in the form of histo-
grams, as in Figure 3-4. There is one histogram for each mix for each
applicable situation. Each vertical bar represents one target. The height
of the bar depicts the average total number of near misses by the six squads
of the weapon mix for that target. Each set of histograms is accompanied
by a schematic sketch (to scale) of the target array to which the histogram
applies. The type of weapon simulator associated with each target and the
target number {s given at the bottom of each vertical bar. The targets
(vertical bars) are shown from left to right in the same order that they
appear in the actual array (and in the inset schematic),

A comparison of the relative effects of automatic firing and
semiautomatic firing weapons regarding distribution of fire patterns is
possible through a comparison of these histograms, as is a comparison
of the relative suppressive effects of the different weapon systems and
mixes. An analysis of the distribution of fire in the target area relative
to the type of enemy fire from tae position allows conclusions to be drawn
regarding the extent to which fire is drawn to automatic weapons as
opposed to relatively slow firing semiautomatic rifles (indicated by R on
the histogram),

The example (Figure 3-4) shows no apparent relationship between
types of enemy weapon and distribution of fire at first glance, In fact,
Position 10, a rifle position firing a small volume of semiautomatic fire
(simulator fired spaced single shots), received more near misses than any
other target. However, examination of the inset schematic of the target
array shows that this target was located directly in front of a machinegun
and down the slope from it. It is also located between many of the firers
and three other targets (two rifles and one automatic rifle), Therefore,
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it can be seen through a comparison of the histogram and the schematic
sketch that rounds fired at a machinegun, an automatic rifle, and two other
riflemen would all pass close to Target 10. Thus, one round of ammuni-
tion may register as a near miss on as many as four different targets, in
the same manner that one round is capable of contributing to the suppressions
of more than one soldier in combat. It also becomes obvious that a ratfo of
the total number of near misses (as registered {n the SAWS exper{ment) to
the number of rounds fired cannot be interpreted as the probability that any
given round will be within a given distance of the target. For example, if
2000 rounds were fired by a weapon mix and 200 near misses were recorded,
it does not mean that one out of every ten rounds(«yx¥ = 10) passed within
the 2 meter near miss zoae of a target, because ound may have been
registered as a near miss by two or more targets.

This histogram may therefore be used as a primary tool for
analysis of the mechaniams of distribution of fire, interactions of target-
firer characteristics, and for comparison of the various weapon mixes
regarding both suppreasive fire and distribution of fire characteristics.
Not included in this report, but available at USACDCEC for analysis,
are detailed breakdowns of near misses for each individual target as a
function of time and range. When related to data regarding the frequency
that specific targets were hit, analysis permits a determination of the
pattern of random and aimed hits as a function of distribution of fire.

D. ANALYSIS AND DERIVATION OF CONCLUSIONS

The following five 'seéiiona (Section IV through VII, and IX) present results
of the SAWS experiments and deal with the USACDCEC SAWS conclusions
and the analyses from which the conclusions were evolved.

USACDCEC has, in effect, presented the results of the SAWS experi-
ment in a format of tables and graphs allowing independent mathematical
analysis of the data presented. At the same time decision makers are .
permitted to integrate military judgment into the mathematical results.

. In formulating its conclusions, USACDCEC has exercised military
judgment onaly to the limited extent that on some occasions a judgmental
decision had to be made, regarding, for example, the implications of
the ability of a weapon to sustain {tself when all other things were equal.
If target effects are approximately equal for two weapon mixes, but one
mix is significantly better than the other in its ability to sustain these
effects, then the weapon mix with the sustainability advantage would
normally be chosen. In like manner, although the average score for one
mix might be superior to the average score for another mix, it becomes
necessary to consider just how valid and of how much practical importance
the differences are.
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In combining scores for the presentaticn of combined overall results
in the varjous tables, cumulative exposure time, near misses, and
sustainability were weighted equally (except where near misses were not
measured), as were each of the rifle squad situations. However, before
any conclusions could be drawn on the basis of rank orders, raw scores,
or standard scores, it was necessary to consider each difference in
connection with the probabilities that the numerical differences were
really valid differences and not the result of operations of chance factors.
It was then necessary to conduct sensitivity analyses of the data to deter-
mine the degree of sensitivity of the rankings to changes in the weightings
of the criterion measures and situations.

For example, Mix SC (seven Stoner rifles and two Stoner machineguns)
ranks in the top position in combined target effects across all rifle situa-
tions, Sensitivity analysis showed that it also ranks at least third in
every situation and was superior in target effects to every US 7.62mm
mix in each of the six situations. Therefore, it does not matter how much
any given situation is weighted, the mix composed of seven Stoner rifles
and two Stoner machineguns always comes out superior to every one of
the US 7.62mm mixes. It may therefore be concluded that Mix SC is
superior to any 7.62mm weapon mix in target effects.

Analysis of the quantitative differences between weapon mixes (or
systems), judged by the quality of the differences as indicated by various
statistical measures including probabilities {statistical significance of the
differences), provided the mathematical context from which USACDCEC
SAWS conclusions were evolved.

As stated previously, the end results are relatively insensitive to
varying the weights of the different situations and effectiveness criteria,
No matter how much weight is assigned, the same weapon systems con-
sistently come out ahead of the others in target effects, sustainability,
and overall effectiveness.

* Despite the numerous presentations in this volume, the data base has
scarcely been touched, The quantity and nature of the SAWS data is
sufficient to evoke and feed a thoughtful and fruitful analytical endeavor
for many years, For example, the brief discussion describing the graphi-
cal and histogram presentations of data (paragraphs 6 and 7 of this section)
provides the basis for an entire anatomy of analysis. Reflective examina-
tion of the time histories of fire effects, ammunition consumption, and
distribution of fire effects provide keener insights into the use of small
arms. There are numerous ways in which the data can be synthesized or
combined to provide further insight into weapon choice, organization,
and doctrine.
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SECTION IV
TRAINING RESULTS

The primary measures of training performance were firing scores on
the various ranges. Firing scores were taken at fixed points in the train-
ing program. At each of the times firing scores were taken, each weapon
system group had the sarie amount of training of the same kind under
comparable conditions.

~ Thus, the scores obtained reflect, in part, any weapon system differ-
ences that might have existed when the measures were taken. However,
these scores were also affected by such factors as weather, time of day,
visibility, and motivation, all of which often differed from day to day. Their
exact quantitative influence is often not assessable in precise measurable
terms, and they must be often accepted as sources of uncontrolled variation.
Where there were differences in group scores, the differences may have
resulted from differences in ease or ef{zctiveness of training, or from some
other weapon system characteristics that are not affected by training, or
from uncontrolled factors of the type mentioned above. The fact that the
scores may have reflected more than one factor does not invalidate the re-
sults of the training assessment, but it makes for a less precise interpre-
tatiol. of results than would otherwise be the case. The interpretation of
results also depends on the assumption that the selection process produced
weapon system groups that were comparable in learning ability and train-
ability in small arms firing. There were no known sources of selection

bias.
A. RIFLE

1. Disassembly and Assembly

Four tests were carried out to determine the ability to disassemble
and assemble the different weapons. For each test, the men were required
to disassemble the rifle, and their performances were timed. Times re-
quired for all men to disassemble their weapons on the first trial of each
test were averaged for each weapon system group. Assembly tesis were
carried out in the same manner. The first trial of each of the four tests
was timed and weapon system group averages were computed. The averaze
times for each test are presented in Table 4-1. When a man had difficully
in disassembling or assembling a part or parts of the weapon, he received
assistance from the instructor, These periods of assistance are reflected
in longer disassembly and assembly times. It is notable that as the men
equipped with the Stoner and M16E1 became more familiar with their
weapons they required less assistance, and their times rapidly decreased
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Table 4-1

RIFLE
DISASSEMBLY AND ASSEMBLY TEST
(Average Times)

Average Average
Weapon Test D‘B;f;imbly Agrs&r:;bly
(Seconds) (Seconds)
1 47 75
M14 (1) § 3?, gg
4 - 20 51
1 119 207
MI16E1 :2, gg 13;
4 30 50
1 116 172
Stoner Rifle § ;g lsl,g
4 27 50
1 42 69
M14 (2) § gg gg
4 23 49
1 a7 74
M14E2 § 1233 gg
4 24 56
1 27 50
AK47 (1) :2, fg gg
4 10 24
1 36 - 63
AK47 (2) § fé gg
4 15 28
> 4
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to approximate that of the M14 group (which had received trafning tn their
weapon before the training experiment). On the first test, the differences
in performance times for the various weapons were quite marked: the
AK47 times were shortest, followed by the M14 and M14E2, the Stoner rifle,
and the M16E1. On each succeeding test, the differences were reduced,
and by the fourth test they were small. These trends are presented graphi-
cally in Figures 4-1 and 4-2. The fourth test did not include removal of
the Stoner forestock assembly or the Colt handguard assembly. Therefore,
the times for the fourth Stoner and Colt test are not comparable to the re~
sults obtained on the earlier Stoner and Colt rifle tests or the other weapons
tests.

The least difficult weapon to disassemble and assemble proved to be
the AK47. Subjects also were able to disassemble or assemble this weapon
more quickly than any other.

Although tight fitting parts caused initfal difficulty with some US weapons,
this situation was later corrected. It is concluded that there are no tacti-

cally significant differences among US weapons regarding ease of disassembly

or assembly, or the times required for disassembly or assembly after
equivalent training.

2. Trainfire Record Range

Two ranges were used in these firings. All groups fired the re-
cord ranges twice. On the second record firing, half of each weapons
group fired on each of the two Fort Ord Record Ranges (Range 18 and 19)
to balance out range differences. Each man fired about 96 rounds on the
record range. Individual hit tabulations were made, and the scores were
based on the average number of hits achieved by each weapon system group.
The average scores for each group, and for each firing on each range are
presented in Table 4-2, The scores range from 44,00 for an AK4% group
on their second firing (Range 19) to 57.71 for an M14E2 group on their
second firing (Range 18)., It should be noted that all record firings were
made in semiautomatic fire,

Only four groups of firings by different weapons are directly compar-
able. M14 Groups K and L are comparable to Colt Groups M and N, For
all other record firings, condition of camouflage on the ranges, weather,
time of day and other factors were different. Because of time and range
limitations a balancing of record firings was not possible, However, it
was clearly determined that record scores secured by firers were more
a function of the particular range used and the time of day than of differ-
ences in either firing ability or weapons. For example, firers who fired
on Range 18 in the afternoon always did extremely well and achieved a
relatively large number of expert qualifications, regardless of the person-
nel or weapon used. In contrast, firers who fired on Range 19 in the early
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Table 4-2
RIFLE RECORD FIRE QUALIFICATION SCORES

Date Date
Weapon (Range{GP | N | Avg o (1965) Range|GP | N | Avg o (1965)
M14 (128 19 | A |127]45.38] 8,99 |28 A 19 ] K |60 149,601 8.96129 Sep
(12%) et e “$I7"1a | L | 55 |50.27] 8.61] 29 Sep
M16E1 (128) | 18 | B |12752.66] 8.71 28 A 19 { M]6054.6119.11] 29 Sep
16E1 (128) it e Y618 | N |52 |56.81| 8.16] 29 Sep
19 | ¢ | selaaasho.ss! 7 19 | O 39 [48.64] 8.54] 25 Sep
. et It Sep 18 | 7| 36 |52.14] 9,09 25 Sep
Stoner (134)
| ol s6lse.z0 ol 19 | Q28 (51.71]11.74] 25 Sep
+20{ 9.4 SeP ™15 | R [ 56 [54.92] 9.83] 25 Sep
0 | £ | 26les.s8] 7.63 |22 19 | 8| 1453.36] 6.65] 20Oct
R 8P ™18 | T| 12 |56.50| 6.14| 2 Oct
M14 (58)
s | ¢ | 2rlso11l 7.02 |22 19 | vl 13|52.77] 5.70] 2 Oect
1 il SeP 15 | v | 14 |55.93] 6.55] 2 Oct
10 | o | 36ls2.50] 7.48 | 22 Sep 19 | w| 18 [55.44] 7.12] 2 Oct
) ' 18 | x| 17[51.24] 9.26] 2 Oct
MI4E2 (12)
18 | H | 36{54.25/10.35|22 Sep 19 | Y [16]51.56] 5.89] 2 Oct
) ) 18| z|17[57.711] 7.53] 2 Oct
AKT @21 19 { AA| 21 152,57 7.94] 2 Oct
AT 21 18| 1 | 21]47.38] 7.78] 22 Sep
19 |BB | 34 |44.00| 7.69] 23 Oct
AK47 (35)
18| J | 39[46.67| 8.82| 9 Oct
NOTE:

Because of different range conditions, weather, and other factors, these scores are
not comparable except as discussed in the text.

CODE:

GP Group Designation

N Number of Personnel in Group
AV Average Record Score

¢ Standard Deviation
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morning did poorly and were seldom able to qualify as experts, regardless
of their marksmanship ability or the weapon used. '

After the two groups had received equivalent training, the M14 com-
bined group average score (K and L) was 49.4, and the group average
score for the Colt rifles (M and N) was 55.71. A level of significance of
. 001 is attached to this difference. The fact that these Colt rifle scores
were higher than the M14 scores is particularly significant when it is
considered that, in addition to the SAWS training, the M14 firers had all
previously qualified with the M14 and most of them had been using an Mi4
for more than two years, where the Colt firers first fired the M16E1 during
the training period immediately preceding the record firings.

As in the experiment itself, the AK47 scores were low compared to
scores of other weapons, This is attributed to the AK47's short barrel
(short distance between sights) on the weapons, to varying lots and charac-
teristics of ammunition, to low visibility (fog) conditions on the ranges
during the last firing, to the relatively excessive amount of barrel wear
of the weapons, and to the fact that the 13 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>